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Putting Heads Together 


Ecology, Paleontology, and Stratigraphy: H. S. Ladd 





Understanding of the habits of living organisms aids interpretations of 
fossiliferous sediments. 


IGY Conference in Moscow: H. E. Newell, Jr.; ]. W. Townsend, Jr. ............ 


Reports on the organizational setup and on the Soviet presentation of their 
rocket and satellite work. 


Federal Council for Science and Technology; other events 
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Zinc-65 in Foods and People: R. W. Perkins and J. M. Nielsen 

Studies on 4-Keto-t-Proline: C. Mitoma et al. 

Direct Observation of Evaporation from Quiescent Water: K. J. Mysels ........... 
Cotton-Flower Visitation and Pollen Distribution by Honey Bees: S. E. McGregor .. 


Phospholipase-Induced Release of Cytochrome c from the Electron Transport 
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Multiple pH Levels in Chromatograms: A. A. Bitancourt and A. P. Nogueira 


Letters 


Subcellular Particles; Forthcoming Events; Equipment 
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How to save 77 years 


The boy Galileo sat in the sanctuary of 
Pisa’s great cathedral, observing the movement 
of a lamp which had been set swinging by a 
sudden gusty draft. The chain by which it was 
suspended from the high ceiling was of such a 
length that the arcs decreased but slowly. Strange 
thing, though. No matter how far the pendulum 
swung, its movement consumed the same time. 
Galileo made a note of that. The year was 1581. 


The old man sat at his writing desk, sixty 
years and a thousand disputes later, writing down 
a new theory. The regularity of a swinging pen- 
dulum might be combined with a spring 
mechanism to improve the unreliable clocks of 
that day. So Galileo scribbled on, and did nothing 
more about it. A number of years after his death 
Huygens took the notes and invented the pen- 
dulum clock. Seventy-seven years had elapsed since the 
boy made the observation upon which it was based! 


The creative thinker today still need not 
have a specific use in mind when, by equation or 
formula, he branches off from the accepted to the § 
hitherto unknown. The classic invention of this 
decade, the transistor, evolved in the Bell Tele- 
phone Laboratories as scientists sought a deeper 
understanding of semiconductors. On the other 
hand, another great invention, the feedback am- 
plifier, came from the acutely creative mind of } 
one Bell engineer faced with a specific problem. } 


Current Bell Laboratories activities—in such 
areas as data transmission, radar and submarine 
cable development—call for the coordinated | 
efforts of all types of thinkers and all types of 
approaches. One type complements another. 


Today, seventy-seven years would not have 
elapsed between the swinging lamp and the 
swinging clock pendulum—certainly not at Bell 
Labs, where ideas, though not rushed, are care- 
fully advanced toward fruitful application in 
national defense, industry and communications. 
An important part of this harvest is the efficiency 
of America’s telephone service, unequalled any- 
where else in the world. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 





Now... 

for only $69.50... 
you can adapt any 
INTERNATIONAL CLINICAL 
CENTRIFUGE to spin 


micro-hematocrits! 





pen- 
e the 
ased! 


New International 


HEMATO-KIT 


makes the switch in 10 seconds! 


More than ever before . . . the Inter- 
national Clinical Centrifuge is the most 
versatile, most economical unit in the 
bench-size centrifuge field. With this new 
kit, you can adapt a clinical model to 
modern blood cell volume testing tech- 
niques . . . at a fraction of the cost of a 


INTERNATIONAL new micro-capillary hematocrit centrifuge. 


930 HEMATO-KIT, 
for converting: any ee For laboratories spinning many micro- 
Clinical Centrifube infees hematocrits per day, the International 
Micro-Capillary ° Gentrifiaias Model MB (Quiet-Test) Centrifuge is 

nsists of: 24-Place Head recommended. 

YV yr Capillary 
2s, 75 mm long x 1.5 q INTERNATIONAL 
diameter; Adapter Hub ce your dependable source for 


r attaching head to shaft; centrifugal force. 
1 Versatool for quick 
changes ... all for $69.50 


International 22) Equipment Co. 


WRITE FOR DETAILS on IEC Centrifuges . . . sold and serviced the world over by authorized International Dealers. 


1219 SOLDIERS FIELD ROAD, BOSTON 35, MASS., STadium 2-7900 
O Send me complete details about your new HEMATO-KIT for adapting my International Clinical Cen- 
trifuge for hematocrit spinning. 
() Send me data, prices and delivery schedules on International Clinical Centrifuges. 








Letters 


Footnote to History 


Since the meeting of the International 
Astronomical Union in Moscow last 
August I have been asked repeatedly 
why I had decided not to attend, or to 
accept an earlier, very generous invita- 
tion by President Nesmeyanov of the 
Russian Academy of Sciences to visit the 
Soviet Union at a time of my own choos- 
ing. I should like to explain my attitude 
to the many American astronomers who 
attended the meeting, and to the numer- 
ous Russian astronomers who had urged 
me to come. 

First, I want to dispel any rumors that 
I mistrusted their assurance of “safe con- 
duct,’ or any suspicions that there 
may have been “hidden activities” in my 
Russian past that could have made a trip 
to the Soviet Union dangerous for me. 
I have never doubted the sincerity of the 
Russian astronomers, and I had no fear 
of personal violence. Any fear that may 
have existed was of my own memories: 
of a family disrupted; of the cruel, 
bloody, and hopeless struggle of Russian 
against Russian during the civil war of 
1918-1920. There were no “hidden ac- 
tivities,’ as my dossier in the files of the 
Soviet secret police must show. (I had 
knowledge long ago that such a dossier 
exists and that it is quite complete. ) 

In 1916 I enlisted in the Imperial 
Russian Army and served on the Turkish 
front until January 1918. After the revo- 
lution, in the spring of 1919, I enlisted 
as an officer in the White (anti-Commu- 
nist) Army, and took part in all military 
engagements until the evacuation of the 
remnants of the White Army from Se- 
vastopol in 1920. The only occasion I 
ever had, while in Russia, to give ex- 
pression to my political views was in the 
summer of 1917, when I cast my vote 
for the Socialist-revolutionary party of 
Alexander Kerensky in the elections to 
the “constitutional assembly.” Since 
1927, when I became a naturalized citi- 
zen of the United States, my political 
attitude toward the Soviet Union has 
been that of an average American. 

After the end of World War II, I 
shared the concern of many others about 
the fact that a stalemate had developed 
in the International Astronomical Union 
that prevented us from scheduling a 
meeting in the U.S.S.R. or in the United 
States. The Soviet Academy had invited 
the Union to meet in Pulkovo in 1952, 
and they later renewed their invitation 
for a meeting in 1955 in Moscow. Both 
invitations were declined by the execu- 
tive committee (I concurred with these 
decisions), and the two meetings took 
place in Rome and Dublin, respectively. 
But it was apparent by 1952 that a great 
majority of the delegates wished to break 
the deadlock between the United States 


and the Soviet Union and to schedule 
meetings in both countries. Therefore, in 
my speech of acceptance of the presi- 
dency of the Union in Rome (1952), I 
included the following sentences, ad- 
dressed to V. A. Ambartsumian, then 
Soviet vice president of the International 
Union: “Take with you to Russia the 
assurance that this Union desires to meet 
in your country in the not too distant 
future. Our deliberations in the execu- 
tive committee, and the vote taken 
earlier this morning, have shown that 
this cannot be done now.” 

Two years later, at an executive-com- 
mittee meeting in Liége, I asked the 
Russian vice president whether the So- 
viet Academy would wish to renew its 
invitation, and gave assurances that the 
executive committee would recommend 
acceptance to the general assembly in 
Dublin, I felt that a meeting in Moscow 
would pave the way for a later meeting 
in the United States. The Russian invi- 
tation was formally extended in Dublin; 
the motion was seconded by J. J. Nassau, 
chairman of the United States delega- 
tion. A tentative invitation to meet in 
America in 1961 was extended by Nassau 
and Menzel and was seconded by Ku- 
karkin of Moscow. The invitation of the 
United States of America was formally 
extended in Moscow last August and was 
accepted by acclamation. Thus, I not 
only endorsed the decision to hold the 
1958 meeting in Moscow but encouraged 
it by all the means at my disposal. 

But having done this as an American 
astronomer elected to the presidency of 
the Union (1952-1955), I still had to 
decide whether I, myself, would attend. 
(I was still technically a member of the 
executive committee.) I concluded that 
if my attendance would be in the best 
interest of the United States I would 
make the trip to Moscow, and I so in- 
formed the proper organizations. I re- 
ceived no encouragement; consequently 
I based my decision entirely upon my 
own preference. 

When I enlisted in the White Army 
in 1919 and fought against the Red re- 
gime, I was one of hundreds of thou- 
sands of young men on both sides who 
were motivated wholly by patriotic im- 
pulses, and I regard my enlistment as 
the most self-sacrificing act of my life. 
I have no doubt that the time will come, 
though it may not be in my life-time, 
when the Russian people will recognize 
that patriotism was not the exclusive 
privilege of those who fought on the 
winning side. (An American would not 
now doubt the high ideals of General 
Lee and his soldiers. ) 

About two years ago I received from 
the Soviet Union a book by A. I. Slaste- 
nov entitled Astronomy in the University 
of Kharkov, 1805 to 1955. I had re- 
ceived my undergraduate education at 
Kharkov, where my father served as pro- 
fessor and director of the observatory for 





25 years. I found the book interesting 
and devoid of any great amount of polit 
ical propaganda. But the Library of 
Congress has another, earlier version of 
the book in which several pages are de- 
voted to my own so-called “traitorous” 
activities, and in which I am described 
as “having been for a long time in the 
service of American imperialists as the 
director of the Yerkes Observatory, near 
Chicago.” The account continues with a 
reference to Theodore Dreiser’s novel 
The Titan which had “torn the mask 


off the American capitalists and had ) 
clearly and convincingly demonstrated |) 


the predatory character . 





talist Cowperwood [a fictional name for 
Yerkes].” I might be amused that my 
work at the Yerkes Observatory from 
1921 to 1950 should be thus linked with | 
Dreiser’s literary opus, but I do not con- | 
sider it amusing that I was called a 
traitor, nor that in my particular copy 
of the book the relevant pages had been 
replaced by newly printed pages of quite 
innocuous content which do not mention 
me at all. 

I have been assured by several of the | 
Russian astronomers that few copies of 
the original version were placed in cir- 
culation, and I am grateful for, and 
flattered by, their efforts to have the of- 
fending statements “expurgated.” But I | 
cannot avoid the impression that an at- 
mosphere of hate persists, at least at my 
own alma mater, and that not only I 
but also quite possibly my Soviet col- 
leagues could have been painfully em- 
barrassed by my attendance at the Mos- 
cow meeting. 


Orro StTRuvE 
University of California, Berkeley 


Government of Portugal 


. . of the capi- 








In his survey article entitled “Basic 
Research in Europe” [Science 128, 227 
(1958) ], David M. Gates refers to the 
present government of Portugal as a 
“benevolent dictatorship under a consti- 
tutional monarchy.” However, may | 
point out that Portugal has been a repub- 
lic since 1910, when the last Portuguese 





king was forced to flee the country. The 
parliamentary and multiparty type of 
democracy set up in that year was sup- 
planted in 1926 by a military regime, 
which paved the way for Salazar’s rise to 
power in the early 1930’s, The current 
fascist-type dictatorship of Salazar, while 
based on a constitution adopted in 1933, 
has never been tied to any monarchy. 
In the same article (p. 231, column 
1), we are told that “there are nine uni- 
versities and technical high schools in the 
Netherlands.” The term high school, in 
this context, is obviously a mistranslation 
of the Dutch hoogeschool, or German 
Hochschule, meaning an institution of 
higher learning, a university (roughly 
corresponding to our senior-undergradu- 
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This is the second, 
Parke’ IIi’s GUIDE TO THE LITERATURE OF MATHE- 
MATICS & PHYSICS. It has been brought up to date to 
1957, with some material from 1958, and is now more 


enlarged edition of Nathan Grier 


than twice the size of the 1947 
gories have been added, 
of Russian material. 


The first 70 pages are devoted by Dr. Parke to a 
consideration of the basic problems of research and 
study. He provides concrete information on the organiza- 
tion and use of libraries, finding standard reference mate- 
rial, using bibliographic tools, and similar materials. 
This section is invaluable to every scholar and student, 
for it contains the essence of library use in the clearest 
form—material that you might have to spend years locat- 
ing yourself. 

The major portion of Parke’s GUIDE, however, is devoted 
to a 330 page listing of more than 5,500 books, mono- 
graphs, and periodical articles on almost all aspects of 


* 
BIOLOGICAL 
SCIENCES 


X449-50. STUDIES ON THE STRUCTURE & DEVELOP- 
MENT OF VERTEBRATES, E. S. Goodrich. Unabridged 
reissue of the basic work on comparative anatomy, stand- 
ard survey of the phylum vertebra, covering morphology. 
evolution, etc., of spine, lungs, nervous system, etc. ‘‘For 
many a day this will be the standard work on verte- 
brate morphology,”’ J. OF ANATOMY. ‘‘No other book 
in English so thorough,’’ SCIENCE PROGRESS. 754 il- 
lustrations. Bibliography of 1186 references. Total of 
$06 pp. (When out-of-print, this set has sold for as 
much as $50). Paperbound, Two vol. set, $5.00 
X466. GENETICAL THEORY OF NATURAL SELECTION, 
Sir Ronald Fisher. Revised edition of standard work on 
Mendelian inheritance, evolution, social genetics, ete. 16 
illustrations. 305 pp. (When o.p. this book costs up 
0 $15). Paperbound $1.85 
X488. A WAY OF LIFE AND OTHER SELECTED WRIT- 
INGS, Sir William Osler. Books & Men, Sir Thomas 
Browne, Young Laennac, 13 other essays by great doc- 
tor, teacher, humanist. 298 pp. Paperbound $1.50 
X479. AUTOBIOGRAPHY OF CHARLES DARWIN, Edited 
by F. Darwin. Accounts from the notes, journals, cor- 
respondence with great scientists, and the Autobiography 
show how Darwin achieved his great discoveries. 365 pp. 
Paperbound $1.65 

X390. FROM MAGIC TO SCIENCE, Sir Charles Singer. 
Unabridged reprinting (with new intro.) of major work 
by greatest historian of medicine. Papers on early 
herbals, physiological origins of visions of Hildegarde of 
Bingen, other topics of medieval medicine and science. 
189 unusual illustrations. (When out-of-print this work 
has brought $25.00). 273 pp. Paperbound $2.00 
X389. SHORT HISTORY OF ANATOMY & PHYSIOLOGY 
FROM THE GREEKS TO HARVEY, Charles Singer. Fore- 
Most medical historian in thorough easy-to-read cover- 
age. 270 extremely interesting illustrations. 221 pp. 
Paperbound $1.75 

X208. BIOLOGY OF THE AMPHIBIA, G. K. Noble. Un- 
matched for comprehensiveness, clarity, detail; all aspects 
of anatomy, life history, intelligence, environment, classi- 
fication, ete. ‘‘Nothing comparable to it,’’ C. Pope, Cu- 
tator of Amphibia, Chi. Mus. of Nat. Hist. Bibliography 
of 1047 items. 174 illustrations. 460 pp. Paperbd. $2.95 
X213. THE ORIGIN OF LIFE, A. Oparin. Now classic 
account of evolution of life from nitrocarbon compounds. 
5 pp. Paperbound $1.75 
X248, BIOLOGY OF THE LABORATORY MOUSE, ed. 
G. Snell. Prepared by staff of Roscoe B. Jackson Memorial 
Lab.; all aspects of mice: embryology, reproduction, his- 
tology, mutations, cancer research, parasites, anatomy, 
infectious diseases, etc. Bibliography of 1122 items. 172 
illustrations. 508 pp. Clothbound $6.00 
X410. BEHAVIOUR & SOCIAL LIFE OF THE HONEY- 
BEE, R. Ribbands. Bee anatomy, function, psychology, 
social life, communications, etc.; extends von Frisch’s 
Work, 127 illustrations. Bibliography of 690 items. 352 
Dp. Clothbound $4.50 
X346, ELEMENTS OF MATHEMATICAL BIOLOGY, A. 
Lotka. Pioneer attempt to apply math. to biology, bio- 
chem: ecology, etc. Great importance historically. 
~~ titled Eiements of Physical Biology. 72 figures. 
490 Paperbound $2.45 
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BIBLIOGRAPHIC REFERENCE WORKS 
TIONS and more than 100 other fields of study! 


Parke’s GUIDE TO THE LITERATURE OF 
MATHEMATICS & PHYSICS, only $2.49 


mathematics, physics, and engineering. It is not a hap- 
hazard selection, but a carefully weighed choice in 
which the author has included only the most significant 
work in each field. 


Dr. Parke has divided this material into some 120 dif- 
ferent categories, ranging alphabetically from acoustics, 
actuarial mathematics, abstract algebra to vector and tensor 
analysis, waves, and technical writing. They cover every 
conceivable branch of mathematics, physics, mathematical 
physics, engineering, and miscellaneous fields. Peripheral 
fields like biochemistry, mathematical recreations, techni- 
eal writing, dictionaries, language aids, cryptography, 
history of science, etc. are also included. 


For each book, periodical article, monograph, or series 
Dr. Parke supplies complete information for its identi- 


fication and location. He gives publisher, date of publi- 
cation and reprint editions, and whatever else is 
necessary. 


LISTEN & LEARN RUSSIAN now 
available! Three 10” 33-1/3 rec- 
ords, manual, only $5.95 per set 


LISTEN & LEARN is specially designed to help you 
in colloquial language. By far the most useful set 
for travel, wonderful as a refresher, as a supple- 
ment to any course, or for self study; excellent as an 
introduction via the modern phrase method. It pre- 
sents practical language in a form you can use im- 
mediately. Check these unusual features: (1) modern 
language, no trivia, no technicalities, no deadwood. 
(2) High fidelity recording. (3) English & foreign 
language recorded, with a pause for your repetition; 
you build automatic associations. (4) 128-page 
(or 196-page) manual with complete record text; 
only fully indexed set on the market. (5) GUAR- 
ANTEED. Return it within 10 days if you are not 
satisfled with it. “‘High quality, practical, inexpen- 
sive,’ N. Y. HERALD TRIBUNE. Wonderful gift 
for a friend travelling abroad, or for a beginner. 
Not a closeout or a markdown: simply a remarkable 





value. Each set contains three 10” 33-1/3 records, 
(1% hours of recording), manual, album. 

X875. LISTEN & LEARN FRENCH, et, $4.95 
X876. LISTEN & LEARN SPANISH, set, $4.95 
X877. LISTEN & LEARN GERMAN, set, $4.95 
X878. LISTEN & LEARN ITALIAN, set, $4.95 
X879. LISTEN & LEARN RUSSIAN, set, $5.95 











NEW DOVER BOOKS 


X481. FOUNDATIONS OF EUCLIDEAN GEOMETRY, 
H. Forder. ist modern study with connected rigorous 
acct. of Euclidean geometry in light of modern investi- 
gation. Classes, congruence, similarity, etc. 295 pp. 

Paperbound $2.00 
X484. ELLIPTIC INTEGRALS, H. Hancock. Integration 
of integrals of Ist, 2nd kind; exposition in accordance 
with Legendre-Jacobi theory; rigorous, complete, 20 fig- 
ures. 104 pp. Paperbound $1.25 
X483. LECTURES ON THEORY OF ELLIPTIC FUNC- 
TIONS, H. Hancock. Most extensive coverage in English; 
full in treatment, excellent for applications; covers clas- 
sical material. 76 figures. 525 pp. Paperbound $2.55 
X486. THEORY OF THE POTENTIAL, Ww. ‘D. MacMillan. 
Comprehensive, thorough app’ ; no kg: d of in- 
tegral equations needed; author develops math as proceeds; 
covers specific problems in magnetostatics, gravitational 
mechanics, etc. 493 pp. Paperbound $2.25 
X462. INTRO. TO BESSEL FUNCTIONS, F. Bowman. 
Properties, applications, rigorous treatment. ‘‘Very use- 
ful,"” NATURE. 226 problems. 135 pp. Paperbd. $1.35 
X480. PHILOSOPHY & THE PHYSICISTS, S. Stebbing. 
Critical examination of basic postulates of new physics, 
particularly Jeans & Eddington. 310 pp. 

Paperbound $1.65 
X494. INTRO. TO GEOMETRY OF N DIMENSIONS, D. 
M. Y. Sommerville. Only book in English on higher di- 
mensional geometry; metric & projective properties. 60 
diagrams, 196 pp. Paperbound $1.50 
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Each of the 120 sections is further divided into sub- 
sections. The section on classical algebra, for example, 
is broken down into introductory texts, matrices, determi- 
nants, special matrices and determinants, special algebra, 
linear forms, characteristic values, elementary divisors, 
ete. Other articles are divided with equal clarity. 


Undergraduate and graduate students, researchers, and 
even the most advanced scholars will find this book one 
of the half-dozen most useful reference works on their 
shelves. It will unify the contents of libraries that do not 
have detailed classification systems, and will save you 
hundreds of hours of searching. It will save you money in 
finding what you want to find, and it will increase your 
efficiency. 


Second revised, enlarged edition. 
plete name and subject indexes. 


X489. ON MATHEMATICS & MATHEMATICIANS, R. E. 
Moritz. Formerly Memorabilia Mathematica. A_ collec- 
tion of more than 1100 quotations, anecdotes, aphorisms, 
passages by mathematicians & non-mathematicians on 
nature of math., specific fields, lives of mathematicians, 
ete. Delightful, fascinating browsing book. Indexed. 410 
pp. Paperbound $1.95 
X482. LINEAR GROUPS, WITH AN EXPOSITION OF 
THE GALOIS FIELD THEORY, L. E. Dickson. This mile- 
stone in modern algebra presents most thorough presen- 
tation of theory of Galois fields in literature, then sur- 
vey of known simple groups of finite composite order. 
327 pp. Paperbound $1.95 
X387—8. THEORY OF FUNCTIONS OF A REAL VARI- 
ABLE, THEORY OF FOURIER SERIES, E. Hebson. Most 
thorough introduction to sets, functions, Fourier series, 
ete. Clear exposition. ‘‘A great contribution, best possible 
guide to anyone who encounters mathematical analysis,’’ 
NATURE. Total of 1591 pp. Paperbd. Two vol. set, $6.00 
X372. FOUNDATIONS OF SCIENCE, PHILOSOPHY OF 
THEORY & EXPERIMENT, N. Campbell. Formerly Phys- 
ics, the Elements. Covers topics like nature of hypothesis 
& theory, scientific law, arbitrariness of measurements, 
properties, use of number, etc. “‘A great feat, to put 
together a book with so much fresh thought,’’ F. An- 
drade, NATURE. 578 pp. Paperbound $2.95 
X5¢7. 101 PUZZLES IN THOUGHT & LOGIC, C. Wylie. 
No speciai: knowledge needed for weeks of amusement & 
mental exercise. 128 pp. Paperbound $1.00 
X295. HOW TO CALCULATE QUICKLY, C. Sticker. Tried 
true method for developmen. of number sense; not tricks, 
but 9,000 exercises, (and answers) teaching tech- 
niques not taught in schools. 256 pp. Paperbound $1.00 
X478. THE POLISH PEASANT IN EUROPE & AMERICA, 
W. Thomas, F. Znaniecki. Complete unabridged re- 
printing of epoch-making social study. Covers original 
Polish culture, degeneration, immigration, & disintegra- 
tion of culture & personality in America. Full of pri- 
mary documents as well as authors’ theoretical considera- 
tions. (When out-of-print this set has sold for $75) 


5,500 entries. Com- 
454 pp. 


X447 Paperbound $2.49 


Total of 2265 pp. Clothbound Two vol. set, $12.50 
Pept. 2 187 X, Dover Publications, Inc. { 
] 180 Varick St., New York 14, N.Y. | 
| Please send me the following books: | 

(CD Parke, GUIDE TO LITERATURE $2.49 | 
gone DOOMBS ccccccccccccccencccsecesees “4 


l I am enclosing $........ in full payment. Payment | 
must accompany all orders except those from libraries 
or public institutions, who may be billed. Please add 

1 10¢ per book for postal and handling charges al 

|] orders less than $5. Please print l 


! NOME cccccccccccsccccccescngeéeteaseecGan 
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CUE Soc dao vae xen Zone .... State . | 
Dover books ‘& records 


GUARANTEE: All ‘uncondl- 
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| full cash refund. No questions asked. 
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is the 
“working’’end... 
of an extraordinary 
new pH electrode 
that combines in a 
single unit the pre- 


THE NEW BECKMAN 
COMBINATION 
ELECTRODE. 

The Combination 
Electrode offers un- 
beatable convenience. 





Several types are 
available now for a 
wide range of surface 
and solution meas- 
urements, titrations 
and redox determi- 
nations. They can be 
used with all Beck- 
man pH meters, 





including models G, 
GS and the Zeromatic*. 


*Trademark 


COMBINATION ELECTRODES 
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ate plus graduate-or-professional type of 
school). In the case of technical schools, 
the best translation would be “institute 
(of technology).” On the other hand, 
where we speak of a “high school,” 
Europeans usually speak of a “middle” 
or “secondary” type of school—never 
“high.” 

Leo Pap 
State University Teachers College, 
New Paltz, New York 


I wish to thank Leo Pap and others 
who have written correcting my misim- 
pression concerning the government of 
Portugal. 

With regard to his second point, I 
think it is worth while to point out that 
the connotation of the term Hochschule 
in German is not the literal translation 
to “high school.” However, I assumed 
that most scientists realized that the use 
of this term in European science did im- 
ply a school of higher learning on the 
level of a university or college. 

Davip M. GaTEs 
National Bureau of Standards, 
Boulder, Colorado 


Acetylcholine Metabolism and 
Behavior of Rats 


Before Chow and John submitted their 
paper (1) for publication, they were 
kind enough to correspond with us at 
length about their findings. At that time 
we indicated to them our reasons for be- 
lieving that their study did not afford an 
adequate test of our major hypothesis. In 
their published article no reference is 
made to the questions we raised, and 
since Chow and John interpret their data 
as contradictory to our major hypothesis, 
we would like to point out publicly why 
we believe that their experiment does not 
provide a test of our hypothesis. 

In our original Science article (2) we 
suggested that a higher rate of cortical 
acetylcholine metabolism is related to a 
greater number of spatial responses in 
the Krech hypothesis apparatus. In our 
second Science article (3) it was made 
explicit that this referred only to the 
animal’s initial problem-solving behav- 
ior. Pentobarbital sodium (which retards 
acetylcholine synthesis) was shown in 
that article to affect the animal’s choices 
strongly if it was administered at the out- 
set of maze experience; if it was given 
after four days of maze experience, the 
drug had little or no effect. 

Chow and John gave their animals six 
days of maze experience. By that time 
the animals had adopted different re- 
sponse patterns. In subsequent testing 
Chow and John found that anticholines- 
terase drugs had little or no effect on the 
animals’ choice behavior. They conclude, 
“The fact that such injections did not 
alter the hypotheses displayed by the ani- 
mals in running a maze seems to indicate 


that hypothesis behavior is not dependent 
on cortical levels of acetylcholine.” Ac- 
tually, our results and theirs seem to be 
similar where they can be compared: 
When animals have had prior maze ex- 
perience, drugs that affect acetylcholine 
metabolism do not appear to affect be- 
havior. We urged Chow and John to test 
the effects of injections on behavior at 
the outset of maze experience, the condi- 
tion under which we did obtain drug ef- 
fects. Unfortunately this has not been 
done, so no comparison can be made 
under this critical condition. 

Quite aside from this major point, 
there are a number of additional features 
about the report of Chow and John that 
make it difficult to evaluate their results, 

1) Their Table 1 indicates that on a 
random reward schedule animals of the 
S1 strain made predominantly spatial 
choices and animals of the S3_ strain 
made predominantly visual choices. Such 
a large strain difference in behavior— 
in the same direction but far larger than 
we have ever obtained—would appear 
to provide striking corroboration of our 
hypothesis, since we have shown the two 
strains to differ significantly in cortical 
cholinesterase activity. The data of the 
table cannot, however, be taken at face 
value. Correspondence revealed that over 
half the S1 and S3 rats were trained to 
give spatial or visual responses. There is 
no indication in the table as to which 
animals were trained to give specific re- 
sponse patterns and which adopted such 
response patterns spontaneously. There- 
fore it is impossible to evaluate the ap- 
parent strain differences, and we would 
prefer not to interpret these findings as 
supporting our hypothesis. 

2) It has been our experience that 
when animals are transferred from a 
schedule that rewards one type of choice 
to a random-reward schedule, they tend 
to give up the previously rewarded choice 
rather rapidly. This did not occur in the 
Chow and John experiment. Their “no 
injection” results were obtained on the 
fifth and sixth days of a random-reward 
schedule, but many previously rewarded 
response patterns still persisted. This tes- 
tifies to the strength of the prior training 
and indicates further why it would have 
been difficult to find a drug effect. It 
is not stated whether the animals were 
retrained between successive drug experi- 
ments (as many as five 6-day sequences 
were given to an animal). If response 
patterns persisted through such a long 
period, it is indeed interesting, and raises 
additional questions about the meaning 
of their data. 

3) The legend of their table indicated 
that the number of times a rat was 
tested “varied from 4 to 30.” No explan- 
ation is given as to why some rats were 
discarded after only four tests whereas 
their data up to that point were retained. 
Because of this feature of the experi- 
mental design, the subjects are repre- 
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sented very unequally in the reported 
data. With such a design, it is difficult 
to make valid comparisons among the 
experimental conditions. 

4) Diisopropyl fluorophosphate (DFP), 
unlike eserine, is a persisting anticholines- 
terase agent; we have found the “half 
time” of the recovery of cholinesterase 
after DFP injection to be about 20 days. 
Therefore the animals that Chow and 
John tested under “saline” or “no injec- 
tion” conditions during the six days after 
the injection of DFP would be poor con- 
trols since the effects of DFP would still 
be strong. There is no way of determin- 
ing how many of the “control” data of 
Chow and John were actually obtained 
under the effects of DFP. 

It is clear that our hypothesis relating 
acetylcholine metabolism and behavior 
has not yet been adequately confirmed 
(either by other workers or -ourselves). 
On the other hand, it does not seem that 
the experiment of Chow and John has 
rendered it untenable. 

Mark R. RosENZWEIG 
Daviv KrecH 
Epwarp L, BENNETT 
Department of Psychology and 
Radiation Laboratory, 
University of California, Berkeley 
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The disagreement which Rosenzweig, 
Krech, and Bennett expressed with the 
conclusions stated in our recent article 
(1) is based primarily upon the fact that 
we investigated the effects of intracere- 
bral anticholinesterases upon previously 
established response patterns. They stated 
that their major hypothesis is that the 
rate of cortical acetylcholine metabolism 
is related to the mode of response in the 
initial problem-solving behavior of rats 
in their apparatus, but not to the per- 
formance of previously established re- 
sponse patterns. Although in various of 
their publications (2) they emphasized 
the role of acetylcholine levels in “adap- 
tive” behavior in new situations, they did 
not make explicit the latter part of the 
hypothesis. 

Yet, the data about the effects of pen- 
tobarbital sodium to which they referred 
at first seem compatible with that hy- 
pothesis and with our own results. We 
have difficulty, however, in reconciling 
the data reported by them on the effects 
of pentobarbital sodium with the explan- 
ations and hypotheses they offered. Dur- 
ing the first four days, their drugged 
group (group II) displayed an extremely 
marked preponderance of light hypoth- 
eses, and a consistent mode of behavior 
was established. They attributed this ef- 
fect to depression of cortical acetyl- 
choline metabolism by the drug. They 





further reported that when the drug was | 


discontinued, light hypotheses dimin- 
ished, presumably as a consequence of 
restored acetylcholine levels. 


To us, this seems to constitute a para- | 


dox: Although cortical acetylcholine 
levels are presumed not to affect the per- 
formance of established response _pat- 
terns, a pattern established with a corti- 
cal acetylcholine level altered by a drug 
becomes modified when the acetylcho- 
line level is restored after the drug is dis- 
continued. Further, they reported that 
subsequent administration of the drug 
after the animals had been run for two 
days without drug again raised light- 
going choices. These various considera- 
tions, together with the complete failure 
of intracerebral eserine to alter hypoth- 
esis behavior in our experiments, seem 
incompatible with their major hypoth- 
esis. 

With respect to the additional ques- 
tions raised by our colleagues, two com- 
ments seem in order. No data were dis- 
carded, as suggested in their point 3. Ani- 
mals were run so long as their physical 
condition permitted. Finally, while we 
agree that the effects of diisopropyl flu- 
orophosphate (DFP) persist for some 
time, the results of DFP experiments 
were essentially comparable to results 
obtained with eserine, and certainly the 
failure of DFP to alter hypothesis behav- 
ior cannot be attributed to its subsequent 
prolonged effects on cholinesterase ac- 
tivity. 

We have no explanation to offer for 
the interesting discrepancy between the 
effects of pentobarbital sodium before 
and after appreciable maze experience. 
Certainly other consequences of this drug 
besides altered acetylcholine synthesis are 
well known and might equally well be 
relevant to these effects, just as factors 
besides cholinesterase concentrations are 
relevant to the regulation of acetylcho- 
line metabolism. In view of the incon- 
sistencies outlined above, we doubt that 
effects on acetylcholine levels play an 
important role in the phenomenon, We 
agree that it would be of interest to ob- 
serve the effects of anticholinesterase in- 
jections at the outset of maze experience. 
Since our current research activities lie 
in other areas, and since Rosenzweig, 
Krech, and Bennett are admirably quali- 
fied to pursue such problems, we look 
forward to the publication of further 
data which will clarify these issues. 

K. L. CHow 

E. R. Joun 
Department of Physiology, University of 
Chicago, Chicago, Illinois 
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Putting Heads Together 


On the basis of a report submitted by his science advisory committee, 
President Eisenhower is moving to bring together in a new Federal Council 
for Science and Technology the heads of various Government research and 
development programs so that they may offer advice about how their sepa- 
rate policies may be more effectively integrated. According to the report, 
which is excerpted in this issue of Science (page 85), one possible item for 
the council’s agenda is the advisability of setting up a Government-sup- 
ported laboratory for the study of such metals and materials as might be 
required by advanced forms of rocketry. Another possible item on the 
agenda is the advisability of increasing Government support for basic re- 
search by building expensive pieces of equipment such as particle acceler- 
ators. 

Almost everyone seems agreed that some mechanism is required for over- 
seeing the total federal effort in science besides the review afforded by the 
Bureau of the Budget. The future course of this particular mechanism, 
however, will depend on several elements. 

Initial membership on the Federal Council for Science and Technology, 
as proposed in the report, will be given to the eight federal agencies that 
together administer over 95 percent of Government research and develop- 
ment. The agencies that are primarily scientific—the Atomic Energy Com- 
mission, the National Science Foundation, and the National Aeronautics 
and Space Administration—will be represented by the agency heads. The 
agencies with diverse research and development activities—the Depart- 
ments of Defense, Interior, Commerce, Agriculture, and Health, Education, 
and Welfare—will be represented by, so to speak, vice presidents in charge 
of research. To date, only the Department of Defense has such an officer, in 
the person of its director of Defense Research and Engineering. 

The interested parties will all be represented on the council, but in a 
bureaucratic committee, especially at this high a level, certain factors may 
operate against the group’s effectiveness. For one thing, a group of people 
each of whom is himself vulnerable to loss is unlikely to produce a variety 
of new ideas. For another, people caught up in matters of day-to-day ur- 
gency are unlikely to give sustained attention to matters of long-range con- 
cern. A third reason is that a committee with the power only to advise may 
find itself without an audience. But there are also factors that may make 
for success, and these hinge in good measure on whether the committee has 
as its chairman a man who is able to force issues, who is able to acquire 
a staff competent to consider long-range questions, and who is able to get 
the people who have the power to act to listen to him. 

If Charles E. Wilson is an example of the man with access to the Presi- 
dent who never learned that what is good for science is good for the 
country, then James R. Killian is an example of the man who is able to 
get top-level scientific opinion to top-level policy makers. Since the report 
calls for the President’s science adviser to be the chairman of the new 
council, and since that person is Killian, there is every expectation that 
the council’s recommendations will be vigorous and that they will be 
followed. 

Although the future course of the Federal Council for Science and Tech- 
nology will depend upon the council’s effectiveness, it will also depend upon 
events outside the council’s scope. In particular, the future course will 
depend on whether the push towards closer cooperation among the Gov- 
ernment’s scientific agencies stops with the council or moves on to the 
establishment of a Department of Science. A Department of Science may 
be regarded with enthusiasm or dismay, but it is something that we are all 
going to hear a lot about in the next six months.—J.T. 
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ual sample chambers. Both automatic and manual 
models offer all the advantages of liquid scintillation 
counting—sensitivity, versatility, operational simplic- 
ity and ease of sample preparation. 
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Auto-Gamma* 
Sample Changers 


Auto-Gamma Sample Changers are designed for use 
with standard well-type scintillation detectors. Up ° 


to 100 test tubes (16 mm x 150 mm) can be counted 
at each loading. 

Auto-Gamma Sample Changers are available for 
many different systems. They can be provided as com- 
plete units with either large or small sodium iodide 
crystals. They can also be used with scintillation 
spectrometers and simple scaler systems. 


Automatic Tri-Carb Spectrometers and Auto-Gamma Sample Changers can be operated 24 hours per day, seven 
days per week. Operation is on the basis of both preset time and preset count. Counting is stopped by whichever 
is reached first. Sample number, time interval and scaler readings are permanently recorded on paper tape. 
Scaler and readout circuits, similar in both instruments, are completely transistorized for utmost reliability. 
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* Trademarks 


WINDOWLESS and FLO-WINDOW* COUNTERS 


... for geiger and proportional operation 


f Windowless Flow Counters provide maximum sensitivity and essentially 
unlimited life. Full 277 geometry is achieved. 

; Flo-Window Counters feature thin plastic windows for minimum 

absorption. Counting chambers are isolated from the samples so that 

static charge, vapor effect, contamination, etc. are eliminated. 


Completely Transistorized Proportional Counting Amplifiers 


These non-overloading amplifiers are designed for use with proportional 
counters. They provide a gain of 1100 and are small enough to be con- 
veniently located with the detectors, thus eliminating preamplifiers. 
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CURRENT PROBLEMS IN RESEARCH 





Ecology, Paleontology, 


and Stratigraphy 


Understanding of the habits of living organisms 
aids interpretations of fossiliferous sediments. 


Ecology deals with the relations of liv- 
ing organisms to each other and to the 
environments in which they live. The 
word thus expresses man’s interest in the 
living habits of the diverse forms of life 
that share the earth with him. Paleo- 
ecology extends the field backward in 
time; it deals largely with plants and 
animals that lived on earth before man 
arrived. Human beings became inter- 
ested in ecological matters long before 
the term “Oecology” was defined, nearly 
one hundred years ago. An innate curi- 
osity about the activities of other forms 
of life probably was found in early man 
—along with a selfish desire to use such 
information for his own benefit. Ecology 
is now recognized as a broad field in 
which some workers study the life of the 
land, with its lakes and rivers, while 
others study the life and environments of 
the sea. Many paleoecologists are chiefly 
interested in marine life because most of 
the fossils that make up the paleontolog- 
ical record are contained in sediments 
that were deposited in the sea. 

Paleontology is concerned with fossils, 
the remains of organisms that lived in 
the past. The fossil record is diverse and 
discontinuous—a record that was not 
fully understood until the theory of evo- 
lution was formulated. It is a remark- 
able record in spite of its imperfections. 
The list of fossils includes animals that 
range in size and organic complexity 





The author is on the staff of the U.S. Geologi- 
= Survey, U.S. National Museum, Washington, 
.C. 


9 JANUARY 1959 


Harry S. Ladd 


from the shells of microscopic protozoans 
to the frozen bodies of elephants. Paleon- 
tology includes tests of microscopic plant- 
like organisms (diatoms) and trunks of 
forest trees. Even bacteria have been 
preserved and, in rare instances, the im- 
pressions of soft-bodied forms such as 
jellyfish. One of the basic truths discov- 
ered by early paleontologists and con- 
firmed by later work was that, in gen- 
eral, the fossils from the upper (younger) 
rock layers more closely resemble living 
forms than do those from the lower 
(older) strata. 

Stratigraphy deals with sedimentary 
rocks and their order of superposition 
(chronological sequence) and _ with 
maps showing the geographic distribu- 
tion of sediments. Early stratigraphers 
discovered that the fossils in the same 
bed or formation remained essentially 
unchanged when the bed or formation 
was traced laterally. Before the close- of 
the 18th century, William’ Smith, the 
founder of stratigraphy as we know it, 
had demonstrated that in England iso- 
lated outcrops could be tied together 
by their contained fossils regardless of 
distance, elevation, or the attitude of 
the beds. Thus, from the start, paleon- 
tology and stratigraphy were—and they 
still are—as inseparable and _ interde- 
pendent as Siamese twins. 

In any stratigraphic investigation the 
first task is to set up a standard section. 
In this process lithologic features and 
sedimentary structures are used to sup- 
plement data on the occurrence of fos- 


sils. It then becomes possible to fit 
sections from other areas into the estab- 
lished sequence and to make a geologic 
map. On such a map each recognizable 
sedimentary unit is given an identifying 
color or pattern. William Smith colored 
his first geologic map in 1794. This map 
covered only a small area in the vicinity 
of Bath, but a-geologic map of England 
appeared in 1815. Fhough evidence of 
several sorts is used in preparing a geo- 
logic map of areas of sediments, the 
value of fossils cannot be overempha- 
sized. Without usable fossils, only the 
first step is possible. A stratigraphic se- 
quence for a given locality may be set 
up, but sections from widely separated 
localities cannot be accurately tied to- 
gether without fossil control. Thus, the 
ancient and largely barren sediments 
of the Grand Canyon or the Black Hills 
cannot be correlated with the ancient 
and equally barren sediments of the 
Lake Superior region. All of the barren 
sediments older than the richly fossilif- 
erous Cambrian beds are now, by gen- 
eral agreement, simply recorded as Pre- 
cambrian. The Cambrian began about 
500 million years ago, and fossils have 
been abundant in the rocks ever since. 
The assemblages of animals and plants 
that live in the sea at intertidal levels 
differ from those found on the continen- 
tal shelves, and the shelf assemblages are 
entirely different from those found at 
greater depths. These fairly obvious dis- 
tinctions were noted by many early 
workers, including Edward Forbes 
(1815-1854), who suggested names for 
bathymetric and biogeographic zones 
(1). Some of the names that Forbes 
suggested are still in use (2, pp. 1, 2). 
The major subdivisions in the sea are 
subdivided into smaller units (Fig. 1), 
and both large and small units are re- 
ferred to as facies. Thus, an ecologist 
can refer to a deep-water assemblage 
as a bathyal facies or to one from the 
shelf seas as a neritic facies, to an as- 
semblage from the inner shelf as inner 
neritic, and so on (2, p. 18). 
Paleontologists and stratigraphers ap- 
ply the word facies to fossiliferous beds. 
Indeed, the word was coined by a pale- 
onotologist, Amaz Gressly, more than 
100 years ago (3). Any section of beds 
that differs in lithologic character or 
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fossil content from other beds believed 
to be of the same age may be called 
a facies (sedimentary facies). The rec- 
ognition of facies is a matter of funda- 
mental importance to paleontology and 
stratigraphy, and it is in this field that 
ecological studies make their greatest 
contribution. Ecological observations on 
conditions in the existing seas can be 
applied to fossiliferous rocks formed in 
ancient seas. Many factors are involved, 
including depth. of water, type of bot- 
tom, nearness to land, agitation, turbid- 
ity, temperature, and salinity. The fos- 
sils of a given sedimentary facies tell 
only a part of the. story. Equally impor- 
tant evidence comes from the rocks con- 
taining the fossils—from their composi- 
tion, texture, and sedimentary structures 
such as ripple marks, cross bedding, and 
graded bedding (4). 


Conflicting Stratigraphic 


Interpretations 


Throughout the 19th century paleon- 
tology and stratigraphy progressed stead- 
ily. Geologic periods and their systems 
of rocks were recognized in Europe and 
America, and their limits were defined. 
Paleoecology received some attention 


Littoral 











in that facies 


were 


recognized and 
mapped in many areas, but major ef- 
forts were directed toward describing 
fossils and using them to correlate geo- 
logic sections. 

In America, starting at the turn of the 
present century, a new trend of thought 
was set in motion by those studying the 
older (Paleozoic) rocks. It was a trend 
that ignored ecology and facies inter- 
pretation, and it profoundly affected pa- 
leontologic and stratigraphic thinking 
for several decades. A group of geolo- 
gists propounded new conceptions of the 
environmental conditions that prevailed 
in Paleozoic times. These conceptions 
were fully set forth by E. O. Ulrich in 
his “Revision of the Paleozoic systems” 
(5). Though well aware of the diversity 
of shore and bottom conditions in the 
seas of today, some geologists did not 
believe that comparable conditions ex- 
isted in Paleozoic times and held no be- 
lief in lateral changes in synchronous 
deposits (6). It was explained that the 
world today is in an emergent stage, 
with no environments comparable to the 
shifting seas that lay between low lands 
in the Paleozoic (7). It was contended 
that conditions in the epicontinental seas 
were uniform and that the animals liv- 
ing in them, where not confined by bar- 





riers, could migrate over enormous dis- 
tances in no time at all, geologically 


speaking. Life zones and facies changes | 
5S 


were not considered important, and evo- 


lution was largely relegated to the mar- | 


gins of the continents. 


Under these conditions, most differ- | 
ences between similar fossils were ex- | 


plained as differences in age. If the dif- 
ferences were minor it was postulated 
that the forms in question lived in basins 


separated by a barrier, usually a land | 


barrier. In stratigraphically complex 
areas, such as the Appalachian region in 
the eastern United States, it became nec- 
essary to postulate the existence of longi- 
tudinal troughs in which somewhat dif- 
ferent faunas 
different conditions and perhaps at 
slightly different times. As information 
about these faunas and their distribu- 
tion accumulated, it became necessary 
to break the troughs into short segments 
by postulating zigzag transverse axes. 
The resulting picture of Paleozoic seas 
was complicated indeed. Some of the 
complications were more imaginary than 
real. The failure to recognize facies de- 
posits as such made it necessary to imag- 
ine a great hiatus in an area where none 
actually existed (8). 

The above-described trend was in full 
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Fig. 1. Marine environmerits on a hypsographic curve of the ocean bottom. Most of the marine fossils in the geologic record are pre- 
served in rocks formed above the edge of the continental shelf. The shelves constitute only a small percentage of the ocean areas. In the 
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past, shelf seas have sometimes covered as much as half of the North American continent. [After Hedgpeth, 1957] 
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swing at the time I was introduced to 
paleontology and stratigraphy. At a uni- 
versity in the Midwest I heard about a 
debated area in Wisconsin where these 
early interpretations had complicated 
what others thought was a fairly simple 
regional picture. The section according 
to the older concept and the currently 
accepted stratigraphic section are shown 
in Fig. 2. Facies changes, both lateral 
and vertical, are clearly brought out in 
this figure. The book from which it was 
taken contains information about other 
and more complicated instances. 

Opposition to these older interpreta- 
tions mounted, and few now follow 
them. One of the remaining defenders, 
a paleontologist, complained recently to 
me about the activities of a younger man 
who once had worked with Paleozoic 
fossils. “Why,” he exclaimed, “that fel- 
low now spends most of his time looking 
at the ocean!” 

A line of reasoning somewhat similar 
to that of these early stratigraphers was 
followed by many students of ancient 
reefs, Reefs of the Paleozoic were said 
to be fundamentally different from struc- 
tures now existing in the tropical seas. 
It was pointed out that the ancient reefs 
were built by tetracorals, members of 
an extinct subclass, that might have had 
habits and ecologic requirements quite 
different from those of the hexacorals, 
which are main contributors to exist- 
ing reefs. The fact that Paleozoic reefs 
were more widespread and the fact 
that they all grew in the waters of shal- 
low epicontinental seas were cited as 
other distinguishing features. Direct 
comparisons between ancient and mod- 
ern reefs were made with caution or 
were avoided altogether. 

One of the first to disagree with this 
line of reasoning was T. Wayland 
Vaughan, who contended that the habits 
of reef-building corals had always been 
much the same and that Paleozoic reefs 
grew under conditions like those found 
in reef areas today (9). We now know 
from intensive studies of the distribution 
of reef facies that ancient and modern 
reefs do have much in common. An 
understanding of the ecology and facies 
distribution of existing reefs has been 
of great practical value to petroleum 
geologists, who, with the help of drill 
cores, have worked out the regional rela- 
tions of buried Paleozoic reefs, some of 
which have been major oil producers. 
The Scurry reef of western Texas, for 
example, has been described as the larg- 
est oil-producing limestone reservoir in 
the Western Hemisphere (10). 

Metal mining has also benefited from 
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Fig. 2. Upper Cambrian correlations in the upper Mississippi Valley. (Left) Composite 
section, 1924; (right) composite section as now generally accepted; (top center) outcrop 
area of the Cambrian formations; (bottom) stratigraphic section across the area (68). 
[Reprinted, with permission, from C. O. Dunbar and J. Rodgers, Principles of Stratig- 


raphy (Wiley, New York, 1957) ] 


studies of reef ecology. In the extensive 
underground workings of the Southeast 
Missouri Lead District, Ohle and 
Brown (11) have shown by geologic 
mapping that Paleozoic algal reefs con- 
stitute an important ore control. In a 
large part of this district these reefs have 
served as host structures for ore depo- 
sition. 


Recent Developments 


For the past 25 years most American 
paleontologists and stratigraphers have 
paid some attention to ecological con- 
siderations, and their interest in ecology 
seems to be growing. In addition to the 
recognition of facies, already mentioned, 
there are other aspects that concern 
them. One is fundamental, as it involves 
species discrimination. Students of living 
marine animals are able to collect speci- 
mens from all parts of the environment 
inhabited by a given species. Since size, 
shape, or growth form may be greatly 
influenced by environmental conditions, 
this is helpful in determining the range 
of variation in a given species. 

Many attached animals, like corals 
and some mollusks, vary greatly. On Bi- 


kini reefs, for example, it was noted 
that the same species of coral might as- 
sume several growth forms; the form 
assumed depended primarily upon ex- 
posure to strong surf and on the depth 
of water at low tide. At the seaward 
edge of the reef, where coral growth was 
exposed to heavy surf at low tide, the 
species was found as a living carpet, or 
veneer, lining shallow depressions in the 
reef pavement and rising to cover low 
elevations. One colony exceeded 30 feet 
in length! Back from the reef edge, 
where wave action was less vigorous but 
where the water at low tide was still 
very shallow, low stubby fingers were 
found rising from the flat surface of the 
colony. Still farther landward, in tide 
pools below the reef flat and beyond in 
the quiet waters of the lagoon, the same 
species would assume the fragile form of 
“staghorn” coral. Many such growth 
forms have been described as distinct 
species and each has been given its own 
name. John W. Wells, who reported on 
the extensive Bikini collections, was able 
to combine many such forms and greatly 
reduce the number of specific names 
(12). Likewise the size and shapes of 
mollusk shells, such as those of oysters, 
vary greatly in accordance with the na- 
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ture of the foundation to which they are 
attached, the degree of crowding (J3), 
and perhaps other ecological factors such 
as salinity. Variation in the size and 
shape of shells also occurs in mollusks 
that are not attached. A paleontologist 
who has become familiar with the varia- 
bility exhibited by living species will be 
cautious in attaching distinct names to 
shells or other fossils that differ only in 
size or proportions. 

Ecological studies of the distribution 
of living assemblages in the existing sea 
have been applied to the interpretation 
of fossil faunas in a number of areas. 
Natland, in his pioneering work in 1933 
(14), used data on the bathymetric and 
temperature ranges of some Recent 
species of Foraminifera off the Cali- 
fornia coast, and he described five tem- 


Fig. 3. (Top) Catastrophic death in the Miocene skeletons of herring preserved on a 
bedding plane of diatomaceous earth in the Monterey shale of Lompoc, California. The 
skeletons are 6 to 8 inches long. [Photograph, from Geol. Soc. Am. Mem. No. 67 (1957), 
vol, 2, by A. B. Cumings, Johns-Manville Company]. (Bottom) Catastrophic death in 
the sea today. Fishes killed by the “red tide” in the Gulf of Mexico as seen from the re- 
search vessel “Alaska” of the U.S. Fish and Wildlife Service. View 5 miles south of Sani- 
bel Island in November 1953. Predominant forms shown are pinfish, grunts, and pigfish. 


perature-depth zones. These were corre- 
lated with fossiliferous beds in the Hill’s 
Canyon section that were thought to 
range from lower Pliocene to Pleisto- 
cene. He showed that dissimilar faunas 
may be contemporaneous and stated that 
the resemblances between two assem- 
blages indicate a similar environment 
but do not necessarily indicate contem- 
poraneity. 

Investigations by oceanographers of 
newly discovered turbidity currents have 
ecological aspects that bear directly on 
paleontology and _ stratigraphy. Daly 
(15) was the first to suggest that mud- 
laden (“density currents”) 
might be responsible for the carving of 
the enigmatical submarine canyons 


currents 


known to cross the continental shelves. 
experimental 


Kuenen obtained 


(16) 





[Photograph, from Geol. Soc. Am. Mem. No. 67 (1957), vol. 2, by Kenneth Marvin] 
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support, and a whole series of investi- 
gations was started. It is now generally 
recognized that turbidity currents as well 


as several types of landslides can trans- | 
port sediments carrying shallow-water | 





organisms into deeper waters. Ecologi- | 
cal studies of cores taken from such | 


transported sediments lend strong sup- 
port to the postulated movement if, for 
example, they show concentrations of 


shallow-water organisms between layers } 


containing deeper-water forms. The stu- 
dent of submarine cores must depend 
upon ecology (or paleoecology) to reveal 
the degree of mixing involved, and a 


knowledge of paleontology may be | 


needed to determine the exact geologic 
age. 

Critical data obtained from the study 
of marine cores have been applied effec- 
tively to sediments outcropping on the 
land. Natland and Kuenen (17) used 
Foraminifera and sedimentary criteria 
to show that the coarse sandstones be- 
tween shales in the Tertiary rocks of the 
Ventura Basin in California were de- 
posited by turbidity currents of high 
density and that the conglomerates in 
the same section were emplaced by sub- 
marine slides. 

In many parts of the geological record 
fossils are scattered sparsely through the 
rocks, but in other parts they are densely 
concentrated on one or more bedding 
planes. The numbers of fossils may be 
so great as to suggest abnormal condi- 
tions, possibly a catastrophe of some 
sort. Such an example was described by 
D. S. Jordan from the Miocene of Cali- 
fornia. Enormous numbers of the her- 
ring Xyne grex were found (Fig. 3, top) 
crowded on a bedding plane in the 
“Monterey shale” (18). Jordan esti- 
mated that more than a billion fish, aver- 
aging 6 to 8 inches in length, died on 4 
square miles of bay bottom. Catastrophic 
death in the sea on a comparable scale 
occurs today, due, in many instances, 
to the development of “red water.” 
Studies of ecologic conditions in the ex- 
isting seas again bear directly on paleon- 
tologic studies. 

A good example to cite in this con- 
nection is the upwelling of cold waters 
from the depths along certain existing 
coasts (especially along the western mar- 
gins of continents). The upwelling waters 
do not come from great depths, as was 





—EEE 


formerly supposed, but~ from depths | 


not exceeding 200 to 300 meters (19). 
They are rich in nutrients, and this con- 
dition may lead to the development of 
noxious “blooms” of microscopic flagel- 
lates and dinoflagellates, commonly re- 
ferred to as “red water” or the “red 
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Fig. 4. Sampling, past and present. (Left) Fishing for coral in the 
shallow waters of the Mediterranean in the early years of the 18th 
century. [After Louis Ferdinand Compte di Marsilli, Histoire phy- 
sique de la mer (Amsterdam, 1725)]. (Right) Fishing at great 
depths with modern equipment. Three zoologists of the “Galathea” 
expedition examine material brought up from a depth of 10,120 
meters in the Philippine Trench, Even from such depths, living 
organisms of several sorts were recovered. The man on the left has 
his hand on one of two 25-kilogram weights that had to be at- 
tached to the jaws of the 0.2 m* grab above the lead brick that 
normally is adequate to insure closure. [Photograph courtesy of 


Anton Brunn] 


tide.” Such blooms may be directly re- 
sponsible for catastrophic death among 
fishes (Fig. 3, bottom). Incidents of this 
sort have been recorded since biblical 
days and are known to occur in many 
parts of the world, yet they are so spec- 
tacular that they make newspaper head- 
lines each time they strike a home shore. 

Not all instances of “red tide” are 
due to upwelling, but it is a controlling 
factor in many areas, and this particu- 
lar ecological setting has a most impor- 
tant bearing on paleontology. M. Bron- 
gersma-Sanders assembled information 
on upwelling in the existing seas and con- 
cluded that similar conditions in the 
geologic past may have been responsible 
for the formation of sediments rich in 
fish remains. She cited specifically the 
Monterey shale occurrence mentioned 
above, pointing out that the fossiliferous 
layer appears as an exact equivalent to 
a layer formed by a “red water” catas- 
trophe off Africa in 1924 (20). She also 
compared the sediments formed as a re- 
sult of upwelling to certain types of sedi- 
ments looked upon as source beds of 
petroleum (2/). 

Development of “red water” is only 
one of the several phencmena that may 
bring about mass mortality in the sea 
today and that may have been respon- 
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sible for the preservation of crowded 
layers of fossils in the past. Other well- 


documented causes include volcanic 
eruptions, tidal waves, and rapid changes 
in temperature or salinity. Not all 


crowded fossil layers, of course, record 
sudden catastrophes. Some such layers 
are covered by dead shells or skeletons 
brought peacefully to their final resting 
place by normal wave or current action. 
Other layers record the burial—dead or 
alive—of gregarious forms preserved at 
a site of their own choosing. 

Upwelling waters do more than stimu- 
late development of “red water.” They 
are appreciably cooler than the surface 
waters they displace, and this fact seems 
to be chiefly responsible for the paucity 
of coral reefs off the western sides of 
large land masses in the tropical seas of 
today. Individual colonies of coral may 
live in such areas, but the ecological situ- 
ation is unfavorable to prolific growth 
over an area large enough to form a reef. 
From what is known of the distribution 
of older reefs, similar conditions pre- 
vailed in Tertiary times. 

In areas affected by upwelling, the 
fauna and flora may contain genera and 
species that are indicative of cool waters 
—that is, cooler than those found in ad- 
joining areas. By means of a tempera- 





ture survey in the upper 200 feet of the 
coastal waters off Baja California, Daw- 
son (22) demonstrated the wide occur- 
rence of upwelling. He found that the 
marine flora in the areas of upwelling 
contained many cool-water forms. Be- 
cause of upwelling these are found far 
south of their latitudinal range. 
Valentine (23) reviewed the ther- 
mally anomalous distribution of Pleis- 
tocene molluscan faunas in California 
and suggested that upwelling of cold 
waters during the glacial period might 
be partly responsible. As has long been 
known, the Pleistocene faunas contain 
a mixture of species that are now found 
widely separated geographically. Species 
that today live far to the north of a 
given fossil locality may be found with 
others that now live far to the south. 
Valentine suggested that during some 
stages of the Pleistocene, warm-water 
species spread northward, and that si- 
multaneously increased upwelling of 
colder waters permitted northern species 
to range southward. Thus the shells of 
the two types could become mixed in a 
single deposit. In commenting on this 
proposal, Woodring (24) expressed 
doubt that the anomalous distribution 
could have been entirely controlled by 
Pleistocene events because similar anom- 
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alous features also characterize pre- 
glacial Pliocene faunas. At the same time 
he urged further exploration of the po- 
tential role of upwelling. 


New Instruments and Techniques 


The floors of the oceanic basins and 
the oceans are currently 
being investigated on a scale not pre- 
viously attempted. Shore lines, estuar- 
ies, and inland seas are sharing in this 
stepped-up program. New and improved 
instruments and new techniques are 
being used, and many of the ecological 
data obtained bear directly on paleon- 
tology and stratigraphy. 

Earlier conceptions of life in the deep 
sea are being radically altered. More 
efficient trawling and more extensive 
dredging (25) have shown that life is 
more widespread and that its pattern 
is more complicated than was formerly 
supposed. In 1950-1952 the Danes sent 
the “Galathea” on a round-the-world 
marine biological expedition. The pri- 
mary purpose was to explore the deep 
ocean trenches and learn more about the 
life found there (Fig. 4). In this, the 
expedition was markedly — successful. 
Anton Bruun, a member of the “Gala- 
thea” expedition, has recently published 
a summary of the “Hadal fauna” that 
inhabits the deep trenches. Including 
some forms obtained by Swedish and 
Russian expeditions, the total is now 
more than 50, representing a wide va- 
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riety of types—sponges, coelenterates, 
worms, echinoderms, mollusks, arthro- 
pods, and fish (26). In the Acapulco 
Trench off Central America, at a depth 
of 3590 meters, the “Galathea” dredged 
a living monoplacophoran mollusk, a 
type previously thought to have become 
extinct during the Devonian period. 

The deeper waters are also being ex- 
plored with a new diving instrument, 
the bathyscaphe, developed by Jacques 
Piccard and his father, with later im- 
provements by the French Navy. The 
possibilities of the “underwater blimp,” 
whose steel cabin has walls 3% inches 
thick, have recently been discussed by 
Jacques Piccard under the intriguing 
title “The Oceanographer Must Now 
Go Down Himself” (27). The record 
manned dive made to date exceeds 
13,000 feet. The bathyscaphe is compli- 
cated and expensive, but its possibilities 
for exploration of the deep sea appear 
to be limitless (28). 

Quantitative ecological data on the 
life of bottom communities are being 
obtained from all depths by a wide va- 
riety of instruments (29) (Fig. 5). Meth- 
ods of taking bottom photographs are 
being improved (Fig. 6), and in shallow 
waters television has been used to a lim- 
ited extent to record activities of ma- 
rine life. The shallow-water marine en- 
vironments are now also being explored 
in all parts of the world by divers using 
the aqualung. Eventually this self-con- 
tained diving apparatus will reveal much 
about living conditions at depths down 
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Fig. 5. Eocene and Recent pelagic Foraminifera from the surface of the same flat-topped 
seamount. Though environmental conditions may have changed but little during the pas- 
sage of some 40 million years, the assemblages of genera and species are distinct. The 
sample at left is a partially phosphatized Globigerina ooze from cracks in a manganese 
module (69) from the surface of Sylvania Guyot in the Marshall Islands; the sample was 
dredged near the northwest edge at 800 to 1000 fathoms. The sample at right is uncon- 
solidated Globigerina ‘“‘sand” from the surface of the same guyot, about 30 miles to the 
southeast, at 680 fathoms. The Eocene nodule was not deeply buried by the rain of 
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to about 40 fathoms. Information on the 
shallow waters is, of course, particularly 
interesting to the paleontologist and 
stratigrapher because most of the known 
fossiliferous marine sediments were de- 
posited in shallow waters. 


“Living Fossils” 


The collection of living organisms 
from the beach to the deep sea has 
brought in new finds for the systematist 
that have had profound significance for 
the paleontologist and the paleoecologist. 
Several such cases have occurred in re- 
cent years. 

The first of these “living fossils” was 
the coelacanth (Latimeria chalumnae 
Smith), a fish with two pairs of verte- 
brate limbs, belonging to a group thought 
to have become extinct at the end of 
the Cretaceous period, about 90 million 
years ago. The first specimen was trawled 
in the Indian Ocean off the African 
Coast in December 1938; an announce- 
ment stressing the significance of the find 
appeared the following month. A second 
specimen was taken in 1952, and a total 
of nine are now preserved in Paris. These 
are large fish, 4 to 5 feet in length (30). 
Living in the uniform conditions of the 
“twilight zone” (140 fathoms at night, 
possibly still deeper by day), this primi- 
tive fish has been able to retain its an- 
cient form and structure. 

In the same year that the first coela- 
canth was caught, in fairly deep water, 
a series of primitive crustaceans (Dero- 
cheilocaris typicus) was found inhabiting 
the interstitial waters of beach sands in 
New England (31). The average length 
of the adults was less than 500 microns. 
Derocheilocaris was assigned to a new 
order, Mystacocarida, and was regarded 
as the most primitive living crustacean 
yet discovered. It held this significant 
position only until 1953, at which time 
a still more primitive crustacean was 
dredged from the mud beneath the shal- 
low waters of Long Island Sound (32). 
This newest relative of ancestral crus- 
tacean stock (Hutchinsoniella macro- 
cantha) was small enough to crawl 
through the eye of a needle. It pos- 
sessed such primitive features that a new 
subclass was set up to receive it. Its 
closest known relative, Lepidocaris, lived 
in Middle Devonian time, some 300 mil- 
lion years ago. 

The latest “living fossil” is a mollusk, 
Neopilina galatheae Lemche, dredged by 
the “Galathea” expedition off the west 
coast of South America in 3590 meters 
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of water. This abyssal form superficially 
resembles modern shallow-water limpets, 
and, though a new genus was created for 
it, it fitted nicely into larger taxonomic 
units designed to include fossils that 
lived in the Paleozoic from Cambrian to 
Devonian times (33). This discovery was 
of great importance to paleontologists as 
well as zoologists. Although it proved 
certain paleontological assumptions re- 
garding primitive gastropods to be er- 
roncous, it offered strong support to 
others (34) and greatly clarified the 
phylogeny of the entire phylum Mol- 
lusca. 


Subsurface Exploration 


New and greatly improved methods of 
drilling on the land and beneath the sea 
have been developed in recent years, 
penetrating new sections of fossiliferous 
sediments for stratigraphic, paleonto- 
logic, and paleoecologic analysis. 

On the land, 134 million holes have 
been drilled for oil and gas. The records 
of these wells have contributed much to 
the knowledge of ecologic conditions of 
sedimentary deposition and petroleum ac- 
cumulation—of, for example, the “shoe- 
string” sands of Kansas; reef structures 
in Illinois, Texas, and elsewhere; and 
sedimentology of the Berea sandstone in 
the northern Appalachian oil and gas 
fields. A number of holes have been 
drilled by oil companies to depths of 
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more than 20,000 feet. In recent years 
the “deepest hole” *. “ted about the 
country, each new }~.c cing a little 
decper than the previous record-breaker. 
At the time of this writing (July 1958) 
a new record of 23,500 feet has been es- 
tablished in Texas, and the hole is still 
being deepened. 

In oil fields where extensive subsur- 
face exploration has been done, quite a 
number of geologic formations, unknown 
from surface outcrop, have been recog- 
nized and named. Many fossils, both 
large and small, are known only from 
drill cores and cuttings. Drill samples 
likewise lend themselves to paleoecologic 
analysis. On Eniwetok Atoll in the Mar- 
shall Islands, for example, two widely 
separated 4000-foot holes were drilled 
through Tertiary limestones to the vol- 
canic basement (35). One of these holes 
penetrated shallow-water reef limestones 
from top to bottom, but the other passed 
through 1000 feet of fine chalky material 
whose high content of pelagic Foramini- 
fera clearly indicated that the sediment 
was accumulated off the reef edge in 
deeper waters that were open to the sea 
(36). 

For several decades oil has been pro- 
duced from horizons lying far below 
shallow bodies of water, such as Lake 
Maracaibo in Venezuela. The strati- 
graphic section beneath Lake Maracaibo 
is as well known to the oil companies as 
are the sections that outcrop on the land 
surrounding the lake. Extensive drilling 





Fig. 6. Crinoids, living and fossil. (Left) A solitary stalked crinoid (“sea lily”) at a depth of 1200 fathoms in the Gulf of Mexico. The 
stem is about 1 foot long. [Photograph, from Geol. Soc. Am. Mem. No. 67 (1957), vol. 2, by D. M. Owen, Woods Hole Oceanographic 
Institution]. (Right) Gregarious, free-swimming crinoids (Uintacrinus socialis) from the Cretaceous rocks of Kansas. Rounded cups 
are 114 to 2% inches in diameter. [Photograph, from Geol. Soc. Am. Mem. No. 67 (1957), vol. 2, courtesy of the Smithsonian 
Institution] 


in shaliow waters open to the sea has 
been done off the coast of California anc 
in the Gulf of Mexico. All such drilling 
has been done from towers firmiy an- 
chored to the bottom. A new technique 
has recently been developed, by a group 
of oil companies in California (37), that 
permits drilling from a barge anchored 
in waters as deep as 1500 feet. Some of 
the drilling was done despite strong cur- 
rents and high waves. This is a revolu- 
tionary step that should lead to the ex- 
ploration of many of the submerged con- 
tinental shelves. Future drilling should 
reveal their structure, their age, and 
something about the environments under 
which their sediments were deposited. It 
could lead much farther and make pos- 
sible a drill hole through the sediments 
that blanket the floor of the deep ocean. 

Much information about the upper- 
most layers of sediment beneath the deep 
sea has been obtained in recent years. 
New coring devices, such as the Kullen- 
berg piston corer, have brought up un- 
disturbed cores of up to 70 feet in length, 
and the Russians report that they have 
obtained cores exceeding 100 feet (38). 
Stratigraphic boundaries have been car- 
ried back into the Tertiary, and much 
has been learned about the environments 
in which the contained organisms lived. 

Ecologic studies of value to paleon- 
tology and stratigraphy are being ac- 
tively carried on in various marine, 
brackish, and fresh-water environments 
by geologists, biologists, oceanographers, 
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and geochemists. Some of the ecological 
problems are outlined below, together 
with some indication of how they are 
being tackled. 


Carbonate Deposition 
in Shallow Waters 


The Bahaman region has long inter- 
ested marine scientists because of the 
richness of marine life on its reefs and 
because of the extensive shallow banks 
covered by a deposit of finely divided 
calcium carbonate that adjoin the reefs. 
As early as 1946 Cloud and Barnes (39) 
suggested that the conditions on the Ba- 
hama Banks were analogous to those that 
prevailed in the Llano region of Texas 
in a part of early Paleozoic time. More 
recently Cloud has devoted much time 
to field and laboratory studies of mate- 
rials from the Bahama Banks west of 
Andros Island, concentrating on the con- 
ditions that seem to favor the chemical 
deposition of calcium carbonate (40). 

The finely divided calcium carbonate 
of the Bahama Banks consists mainly of 
minute aragonite needles. Lowenstam 
has compared the Bahaman needles and 
needles from sediments in other areas, 
finding them similar in habit and dimen- 
sion to aragonite needles secreted by com- 
mon marine calcareous algae. He be- 
lieves that algae living today and in the 
past are a source of such needles and 
that they may be responsible for part or 
most of the bank deposits (41). 

Norman Newell and a number of his 
students made detailed studies of the 
reef and bank ecology in the Bahamas 
(42) before undertaking a comprehen- 
sive study of the Permian (Paleozoic) 
reef complex in the Guadalupe Moun- 
tains of Texas and New Mexico. The 
ecologic findings in the Bahamas were 
applied with marked success (43). 

Intensive ecological studies of existing 
reefs and the surrounding sea floor on a 
scale not heretofore attempted were car- 
ried out in connection with the testing of 
nuclear weapons in the Marshall Islands, 
starting in 1946. Many of the results 
have appeared in the numerous chapters 
of U.S. Geological Survey Professional 
Paper No. 260. These data—assembled 
by biologists, oceanographers, and geolo- 
gists—are being used in paleontologic 
and stratigraphic studies of the thick 
geologic sections drilled beneath atolls 
in the Marshalls and elsewhere. The eco- 
logic findings have also been used in a 
variety of paleontologic and stratigraphic 
studies in other parts of the world. 
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Sedimentary Structures 
in Shallow Waters 


Shallow-water environments — tidal 
flats, beaches, reefs, estuaries—are being 
studied by ecologists in many parts of 
the world (44). Much information that 
can be applied to paleontology and 
stratigraphy is being obtained, but not 
even a cursory review can be attempted 
here. Special mention must be made, 
however, of one area where notable 
studies have been and are being made. 
This is the area of tidal flats (waddens) 
extending along the coast of Europe 
from Denmark to the Netherlands. The 
extensive areas of sands and muds are 
cut by tidal channels and present a va- 
riety of environments that support 
equally varied assemblages of animals 
and plants. The easily accessible flats, 
with their diversified sedimentary struc- 
tures and organic markings, appealed to 
the late Rudolph Richter, and in 1920 
he began to study the tidal-flat phe- 
nomena and seek for their counterparts 
in older sediments. Richter’s work led to 
the establishment of the institution 
known as Senckenberg-am-Meer on the 
shore of Jade Bay at Wilhelmshaven, 
Germany. The detailed studies carried 
out there by Richter, Walter Hantzchel, 
W. Shafer, and others have been invalu- 
able to paleontologists. They are pub- 
lished as beautifully illustrated papers in 
Senckenbergiana. The Dutch have car- 
ried on similar studies from headquar- 
ters in Groningen. 

In most shallow-water areas physical 
forces seem to influence, if not actually 
control, the bottom communities that 
live there. Ginsberg and Lowenstam 
(45) have recently reviewed this subject 
in the light of work done in Florida Bay, 
pointing out that living communities are 
capable of modifying water circulation 
sufficiently to produce sediments recog- 
nizably different from those deposited 
without organic influence. Growth of 
blue-green algae binds sediment, other 
types of plant growth trap sediment, and 
organic structures like barrier reefs pro- 
duce quiet lagoonal waters in which dis- 
tinctive types of sediments may be laid 
down over long periods of time. 


Biochemical Studies 


Some of the most interesting and ex- 
citing studies in marine paleoecology are 
biochemical in nature, involving deter- 
minations of the temperatures and sa- 
linities of ancient seas. Other geochem- 








ical studies of fossil shells have led to 
improved methods of dating the younger 
fossiliferous beds. 

Work on a geologic thermometer in- 
volving the temperature-controlled ratio 
of O18 to O18 in calcareous fossils as 
compared with the ratio in shells of or- 
ganisms living today was started in 1947. 
The studies have been markedly success- 
ful, and oceanic temperatures have been 
determined—in the case of a belemnite 
—as far back as the Jurassic (46). The 
distribution of magnesium in skeletal 
carbonate is also being investigated, and 
it offers promise as a geological ther- 
mometer (47). Abelson’s determinations 
of amino acids in a variety of fossils ex- 
tending back into the Paleozoic have 
opened up an entirely new field of study, 
and it appears that alanine may also 
serve as a geological thermometer for 
sediments (48). 

The effect of temperature on the min- 
eral composition of skeletal carbonate is 
being investigated by Lowenstam (49), 
who determined the aragonite-calcite ra- 
tios of the shells of living species by x-ray 
analysis. Temperature differences were 
found in some organisms in which the 
ratio of aragonite to calcite increased 
with a rise in temperature. Some warm- 
water species that in low latitudes secrete 
a skeleton composed entirely of aragonite 
develop traces of calcite at higher lati- 
tudes near the margins of their ranges. 
In some cases the aragonite content was 
temperature-sensitive at the species level; 
in others, at a much higher level. Ex- 
amination of the aragonite-calcite ratio 
in growth series collected locally re- 
vealed some evidence of seasonal varia- 
tion. All of these studies promise to have 
applications to phylogeny and to be of 
interest to paleontology in other ways. 

Geochemical studies of the strontium 
cycle have been coupled with determi- 
nations of the occurrence of strontium in 
fossil shells (50). Turekian (51) has con- 
cluded that salinity is an important fac- 
tor in determining the strontium-calcium 
ratio in shells and sediments and believes 
that it may be used in determining 
changes of salinity in past times. 


Ecological Aspects of Deep-Sea Cores 


The amount of information about 
earth history obtained from the first of 
the deep-sea cores that were brought up 
in 1936 was gratifying. Since then, longer 
cores have been obtained, and the 
amount of information extractible from 
the cores has increased in even greater 
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proportion. Comprehensive reports on 
the cores collected by deep-sea expedi- 
tions (52) give much information about 
the stratigraphy, composition, age, and 
rate of accumulation. From the start, 
ecological data have played a vital part 
in all interpretations, particularly the 
important ones involving past climatic 
changes. Many of the faunas preserved 
in the cores consist largely of minute 
Foraminifera, some benthonic (bottom- 
dwelling), others pelagic (floating). 
Many of the fossil species are identical 
with still-living species, and the habits 
and distribution of the latter are of great 
importance to the stratigrapher. Some of 
the fossils are shallow-water forms, 
others suggest deeper waters; some sug- 
gest cool waters, others warm waters. 
The occurrence of a shallow-water as- 
semblage in the sediments of the deep 
sea far from shore lends strong support 
to interpretations involving turbidity cur- 
rents or some form of landslide. The 
stratigrapher, attempting to recognize the 
deposits of glacial (cold-water) epochs 
and of the interglacial (warm-water) 
epochs in deep-sea cores, is guided by 
the ecologist. 

Among the core studies of great interest 
to stratigrapher and micropaleontologists 
are those being made of the oxygen-iso- 
tope ratios of the shells of fossil Fora- 
minifera. Samples for analysis are taken 
from cores obtained in areas where the 
bottom sediments appear undisturbed. 
Some of the cores already studied pene- 
trate the Pleistocene into Tertiary beds as 
old as middle Oligocene—some 30 mil- 
lion years (53). Shells of benthonic and 
pelagic Foraminifera are, of course, 
studied separately. Results to date give 
information about oceanic temperature 
changes through the late Cenozoic and 
reveal facts about circulation in the 
ocean in past times (54). Temperature 
variation in Pleistocene deep-sea cores 
from the Caribbean and Atlantic has 
been studied, by means of the relative 
abundance of certain planktonic Fora- 
minifera (55). Results of temperature 
and age analyses have been summarized 
by Emiliani (56). 

Foraminifera, however, are not the 
only fossils in deep-sea cores. The list in- 
cludes microscopic diatoms, ostracodes, 
mollusks, and—smallest of all—the dis- 
coasters and other forms related to the 
coccolithophores. Bramlette and Riedel 
(57) have recently shown the strati- 
graphic value of discoasters. Their inter- 
est in them was aroused when, in the 
course of examining bottom sediments 
from the Pacific, they noted that those 
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in the cores that penetrated the Tertiary 
were strikingly different from those in 
Recent sediments in the same area. The 
fossils measure only 3 to 15 microns in 
diameter and are thus close to the size 
limits between clay and fine silt particles. 
They can be transported more easily and 
for greater distances than Foraminifera 
or larger diatoms. Ecology at the present 
time contributes little to studies of ex- 
tinct groups such as that including Dis- 
coaster because, as Bramlette and Riedel 
point out, little or nothing is known 
about their ecologic controls. The dis- 
coasters and their relatives seem, none- 
theless, to provide one of the most prom- 
ising leads in the expanding field of 
micropaleontology. 

Determinations of the exact ages of 
the organic materials in stratigraphic 
units of deep-sea cores have been made 
by several methods. The radiocarbon 
method is the best known and the most 
widely used, but others involving the 
ionium-thorium ratio (58) and the ion- 
ium-uranium ratio (59) are being inves- 
tigated. This work will make accurate 
correlations possible in the youngest beds 
of the geologic section. Fossil identifica- 
tions alone mean little in these beds, be- 
cause most of the shells are identical 
with still-living species. Another method 
of estimating geologic age, under inves- 
tigation at the University of Wisconsin, 
consists in measuring the thermolumi- 
nescence exhibited by limestone sedi- 
ments. Results to date are distinctly en- 
couraging (60). 


Present Status and 
Outlook for Future 


A comprehensive summing up of the 
present status of invertebrate paleontol- 
ogy is well underway at the present time. 
The treatise will be a monumental work, 
sponsored by several paleontological so- 
cieties, supported by the Geological So- 
ciety of America, and edited by Ray- 
mond C. Moore (6/). It is designed to 
summarize existing knowledge, in a score 
of volumes for which more than 100 au- 
thorities are preparing reports on indi- 
vidual taxonomic units. Seven of these 
units have already appeared. This work 
will replace the single-volume Text-book 
of Zittel-Eastman that has been the 
standard reference work for more than 
40 years. The new treatise will equal 
half a dozen Zittel texts, and this ratio 
gives some indication of the progress 
that has been made in describing and 
classifying fossil invertebrates. 


A volume entitled Principles of Stra- 
tigraphy, illustrated by many examples 
from the geologic record, has recently 
been published by Carl O. Dunbar and 
John Rodgers (62).:This readable vol- 
ume is the first over-all stratigraphic 
summary to appear in this country since 
A. W. Grabau published a book with the 
same title in 1913. Stratigraphy is pre- 
sented as a growing science, still in pos- 
session of interesting unsolved problems. 

Marine ecology and paleoecology, too, 
have recently been appraised in two vol- 
umes, with more than 100 contributors, 
issued as Geological Society of America 
Memoir No. 67 (63). This work was pre- 
pared under the direction of a committee 
of the ‘National Academy of Sciences— 
National Research Council. Volume 1, 
under the editorship of Joel W. Hedg- 
peth, summarizes the broad field of ma- 
rine ecology in the light of the special 
needs of the paleontologist. Volume 2, 
edited by H. S. Ladd,. deals specifically 
with paleoecology. 

In the last chapter of the “Treatise on 
Paleoecology,’ G. Evelyn Hutchinson 
considers the “Future of marine paleo- 
ecology” (64). Though the author mod- 
estly refers to “uninspired prophecy,” 
his summary contains many interesting 
speculations about what we may learn, 
through geochemical studies, concerning 
the history of the oceans (paleo-ocean- 
ography) and about what biochemical 
studies of living assemblages and statis- 
tical studies of fossil assemblages may 
reveal concerning the animal communi- 
ties of the past (paleobiocoenology). 

I am interested primarily in marine 
studies, and I am aware that nonmarine 
organisms and environments have been 
rather shamefully neglected in the pres- 
ent summary. I would be remiss indeed, 
however, not to call attention to the out- 
standing Treatise on Limnology by G. 
Evelyn Hutchinson. This work aims to 
present—for the biologist, geologist, and 
oceanographer—as complete an account 
as is possible of the physical, chemical, 
and biological conditions that obtain in 
lakes. Volume 1, issued in 1957 (65), 
deals primarily with geography, physics, 
and chemistry. A second volume will 
cover ecological and stratigraphic prob- 
lems of lake development. 

A continuation of basic studies in 
ecology will be of benefit to paleoecolo- 
gists. It will not be possible to interpret 
fossil assemblages fully until more is 
known about the living habits of existing 
species. For example, careful collecting 
reveals the niche or niches occupied by 
certain species of living mollusks at a 
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given time and place, but it does not tell 
anything about changes in the habits of 
these same species over a period of time 
—about migrations or cycles that may 
affect their distribution in a- given area. 
Continuing ecologic investigations in the 
same area are urgently needed. This sort 
of information about living forms will be 
of real value to paleoecologists. 

A continuation of paleontologic and 
stratigraphic investigations on the land 
should continue to yield data having 
paleoecologic implications. Not all of the 
land areas have yet been fully surveyed, 
either on the ground or by means of the 
drill. It is the sea, however, that seems 
to promise the greatest rewards. Men- 
tion has already been made of the “liv- 
ing fossils” that have been collected in 
recent years. As more and longer cores 
are obtained from the sea—particularly 
from the deep sea, where sedimentation 
has been uninterrupted for long periods 
—more will be learned about biological 
and climatological changes back to early 
Tertiary and Mesozoic times. 

If, as many geologists believe, the 
deep-ocean basins have been in existence 
since early geologic times, it might be 
possible by drilling and sampling the 
submerged marine section to obtain an 
uninterrupted record of the development 
of early life. I myself think that such a 
project will prove feasible. The proposal, 
first suggested by the American Miscel- 
laneous Society and now being seriously 
studied by a committee of the National 
Research Council, to drill through the 
sediments of the deep sea and the under- 
lying basalt to the Mohorovicic discon- 
tinuity (66) and thus obtain a sample of 
the earth’s mantle is not as fantastic as it 
sounds (67). 
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IGY Conference in Moscow 


Reports on the organizational setup and on the Soviet 
presentation of their rocket and satellite work. 


Work and Meetings of CSAGI 


The abbreviation CSAGI stands for 
Comité Spéciale pour Année Géophy- 
sique Internationale—or, in English, 
Special Committee for the International 
Geophysical Year. The CSAGI was cre- 
ated late in 1951 by the International 
Council of Scientific Unions (ICSU), to 
guide the planning, organization, and co- 
ordination of research during the Inter- 
national Geophysical Year (IGY). To 
appreciate this role of CSAGI in the 
IGY, one should be aware of the place 
of CSAGT in the organizational scheme 
of things. 

The International Council of Scien- 
tific Unions in 1932 succeeded the pre- 
vious International Research Council. 
Adherents of ICSU are of two types: (i) 
13 international unions such as the 
International Union of Geodesy and 
Geophysics, the International Union of 
Scientific Radio (URSI), and the In- 
ternational Astronomical Union, and 
(ii) national members, of which the 
United States is one. Financial support 
is provided by contributions from the 
union and national members, with some 
support by UNESCO. The purpose of 
ICSU is to provide a central organiza- 
tion for the coordination and encourage- 
ment of international science. 

Lloyd Berkner’s original idea for an 
international geophysical year was first 
proposed formally to the Mixed Com- 
mission on the Ionosphere, a commis- 
sion sponsored jointly by the interna- 
tional unions of Scientific Radio, of 
Geodesy and Geophysics, and of Astron- 
omy. After approval here, the proposal 
then proceeded to URSI, from which it 
was referred to the ICSU. Finding con- 
siderable interest in and support for the 
idea, the ICSU established CSAGI. 
Organizationally, then, the CSAGI is a 
committee of the ICSU, with responsi- 
bilities to the union members of ICSU 
on the one hand and to the national 
members on the other. 
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At the time it created the CSAGI, 
ICSU also sent out invitations to the 
national members of ICSU asking them 
to. participate in the IGY program and 
to establish national committees for the 
IGY. The purpose of the national com- 
mittees was (i) to develop in their own 
countries research programs appropriate 
to the IGY aims, and (ii) to work with 
CSAGI to integrate the individual na- 
tional programs into the total IGY 
effort. At the same time, CSAGI pro- 
ceeded to develop its own internal or- 
ganization. In the course of time, the 
following over-all organization evolved: 
(i) the CSAGT itself, including report- 
ers for each of the following IGY dis- 
ciplines and activities: meteorology, geo- 
magnetism, aurora and airglow, iono- 
sphere, solar activity, cosmic rays, gla- 
ciology, oceanography, rockets and 
satellites, seismology, gravimetry, and 
nuclear radiation; (ii) the CSAGI Bu- 
reau, which consists of the CSAGI offi- 
cers, plus two appointees-at-large; (iii) 
the CSAGI Secretariat, which resides at 
Brussels; (iv) the Advisory Council for 
IGY, which consists of the principal 
delegates of the various national delega- 
tions to CSAGI assemblies, and which 
accordingly comes into action only dur- 
ing such assemblies; (v) the various na- 
tional committees for IGY, of which 
there are now 67. 

As part of its planning and coordina- 
tion activity, the CSAGI sponsored a 
number of international meetings; the 
first and third of these were held in 
Brussels in 1953 and 1955, the second 
was held in Rome in the fall of 1954, 
and the fourth was held in Barcelona in 
the fall of 1956. At these international 
meetings, the CSAGI, the bureau, and 
the advisory council consider the various 
problems at hand and attempt to work 
out appropriate solutions. In addition, 
the CSAGI establishes numerous work- 
ing groups, which exist for the period of 
the assembly only. In the scientific dis- 
ciplines, the working groups are gener- 


ally chaired by the respective CSAGI 
reporters and bring to the attention of 
the CSAGI recommendations pertinent 
to the needs of the separate disciplines. 

The Second General Assembly of 
CSAGI was of particular note, for at 
that meeting the planning assumed im- 
pressive proportions. An extensive and 
promising antarctic program had begun 
to take form; sizable efforts were begin- 
ning to shape up in all of the various 
disciplines; an extensive program of 
rocket sounding of the upper atmos- 
phere had been introduced; and the 
CSAGI went on record as being inter- 
ested in artificial satellite observations 
should these prove feasible. Also, on the 
closing day of the assembly, the U.S.S.R. 
announced its intention of joining the 
IGY program, thus closing what had 
hitherto stood out as a serious gap in the 
geographic coverage of the program. 

The Fourth Assembly, in Barcelona, 
was the last such assembly to be held 
before the actual start of the IGY, which 
commenced on 1 July and ended on 
31 December 1958. Here the final plans 
for IGY were firmed up, with consider- 
able attention given to the rocket and 
satellite part of the program. 

The Fifth General Assembly of 
CSAGI was held in Moscow, from 30 
July to 9 August 1958. There were four 
principal matters for the assembly to 
take up: (i) a review of the accom- 
plishments of the first two-thirds of the 
IGY; (ii) the question of the future of 
international cooperation in geophysics 
after the end of the IGY; (iii) the prob- 
lem of the collection, storage, and cata- 
loging of data at the world data centers; 
and (iv) the question of publication of 
IGY data and results. 

The review of accomplishments during 
the first year of the IGY was achieved 
largely through symposia in the various 
disciplines. The list of accomplishments 
is impressive. Those reported by the 
U.S.S.R. in the rockets and satellites 
area are summarized below. 


Extending the IGY 


The question of the future of inter- 
national cooperation in geophysics after 
the end of IGY received much attention. 
There was general agreement that inter- 
national cooperation in this area should 
continue; the problem was to arrive at 
a common agreement about the mecha- 
nism for accomplishing the continued in- 
ternational cooperation. The Soviet dele- 
gation, with the support of Communist 
China, Poland, and East Germany, pro- 
posed and strongly urged that the IGY 
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be extended for another year. There is a 
twofold need for this, they said: First, 
many important IGY tasks will not have 
been completed by the end of 1958, and 
the additional year would make it pos- 
sible to finish these tasks; second, there 
is need for some permanent arrangement 
for international cooperation in geophys- 
ics and solar physics, and the extra year 
of IGY would extend the present co- 
operation for a long enough period to 
permit permanent arrangements to be 
worked out. 

From their position on this question 
of extending the IGY, and from what in- 
dividuals said in defense of that position, 
it appeared that the Soviet scientists 
need the IGY name and organization to 
help them maintain their position at 
home and their outside contacts and the 
freedom of intercourse that has been 
achieved so far. Apparently this need is 
a very urgent and demanding one in the 
opinion of the Soviet geophysicists and 
solar physicists. 

On the other side in this question of 
extending the IGY were those countries, 
including the United States, whose gov- 
ernments had supported the effort with 
the definite understanding that the pro- 
gram would be achieved in the year and 
a half from 1 July 1957 to 31 December 
1958 and would terminate on the latter 
date. Even if these governments might 
be persuaded to lend further support, 
there was serious doubt as to whether the 
total IGY program should be continued. 
It was stated by spokesmen for this posi- 
tion that, while admittedly there were 
areas in which the cooperative work 
should go on, nevertheless there were 
also some research projects that should 
terminate, either because the point of 
severely diminishing returns had been 
reached or because the output had been 
too poor to warrant further support. 

A compromise between the two posi- 
tions was finally reached in the form of 
a CSAGI recommendation for “Interna- 
tional Geophysical Cooperation—1959” 
(IGC-1959). Although this may look 
like simply a change of names, it is not. 
The intent and expectation is that fol- 
lowing the end of the IGY on 31 Decem- 
ber 1958, many research projects will 
terminate, many others will be greatly 
curtailed and modified, while perhaps a 
few may even be expanded. In those 
areas in which research and international 
cooperation do continue, it is hoped and 
urged that the data and results will con- 
tinue to be fed into the world data cen- 
ters, thus adding in an orderly way to 
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the IGY results. Included among the 
recommendations for continued coopera- 
tive work are recommendations for a 
world magnetic survey, a limited solar 
activities antarctic 
oceanographic studies, and rocket and 
satellite observations. 


program, research, 


Outlook for the Future 


As a result of these and other discus- 
sions, the present outlook for the future 
is as follows: (i) The IGY will termi- 
nate as planned on 31 December 1958; 
(ii) the IGY will be followed by IGC- 
1959; (iii) the CSAGI will cease to 
exist on 30 June 1959; (iv) in order to 
wind up the affairs of IGY, the CSAGI 
Secretariat will continue to function until 
October 1959; (v) recognizing that re- 
sults from the IGY program will con- 
tinue to evolve through many years fol- 
lowing the end of the IGY observing 
program, the CSAGI recommends to its 
parent ICSU that the board of reporters 
for the various disciplines continue to 
function and direct the publication of 
IGY results; and (vi) CSAGI recom- 
mends to ICSU that an IGY Completion 
Committee [Comité pour Il Utilisation 
des Résultats de l’Année Géophysique 
Internationale (CURAGI)]| be estab- 
lished to wind up the affairs of the IGY. 

Policies for the operation of the world 
data centers and the exchange of IGY 
data developed rather smoothly except 
in the area of rockets and satellites. Dif- 
ficulties arose because of the U.S.S.R.’s 
refusal (i) to provide orbital elements 
for Soviet satellites during the course of 
the satellites’ life-times; (ii) to provide 
precision radio tracking data for satel- 
lites; (iii) to agree to an automatic dis- 
patch of basic data to the world data 
centers. On the last point the U.S.S.R. 
provided no guarantee whatsoever that 
the rest of the world will ever see any 
of the desired data; the Soviets say that 
they intend to negotiate each request for 
information with the requestor. When it 
was pointed out that this procedure 
would not provide a means for scientists 
to know what data existed, the Soviets 
had no comment. As acting reporter for 
rockets and satellites, I felt compelled to 
state in my report to the full assembly 
on the last day that the working group 
for rockets and satellites had failed to 
achieve a satisfactory solution of the data 
exchange and world data centers prob- 
lem. 

In discussing this question, it should 
be made clear what we mean by data. 
We mean the basic measurements, suit- 





ably reduced and calibrated. These data 
include both radio and optical tracking 
data; assimilated tracking data, such as 
orbital elements for a satellite; cosmic 
ray counts; temperatures; sizes of an- 
tennas; sizes, shapes, and weights of 
satellites; power outputs; frequencies; 
modulation; antenna patterns; and so on. 
These are data needed by researchers in 
other countries, either for evaluating 
Soviet reports and papers or for carrying 
out researches of their own. 

Such data are to be distinguished from 
reports on final results, which are in 
essence interpretations of data. The So- 
viets presented many interesting papers 
containing important results. A good 
scientist will, however, provide enough of 
the basic data on which his results are 
based for his critics to judge the validity 
of his conclusions. It remains to analyze 
the Soviet papers to see how many of 
these underlying data they did reveal. 
Preliminary indications are that they 
were reasonably open in papers on upper- 
air rocket results, as the discussion below 
on the Rocket and Satellite Symposium 
shows, but that they withheld such infor- 
mation as descriptions of rockets used, 
of telemetering systems, and of precision 
tracking data. 

With regard to the publication of IGY 
results and data, it was agreed that the 
Annals of the International Geophysical 
Year should serve as a complete record 
of the IGY. To this end, then, all im- 
portant results and data—or where the 
data are too extensive, significant and 
representative portions of the data—will 
be published in the Annals. Such pub- 
lication will not preclude publication 
elsewhere and in fact might often in- 
volve a republication of previously pub- 
lished material. The reporters for the 
various disciplines will have the respon- 
sibility of seeing that their respective dis- 
ciplines are properly reported in the 
Annals. 

Homer E. New. tt, Jr. 
U.S. Naval Research Laboratory, 
Washington, D.C. 


Soviet Papers Presented at the 
Rocket and Satellite Symposium 


The following sections of this report 
give, for each discipline, data which the 
Soviets presented at the 5th General As- 
sembly of CSAGI on the results of their 
work in rockets and satellites. Due to 
time limitations some of the papers were 
only outlined by the speakers, and hence 
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this report is not complete. The full 
papers are now being translated, and the 
scientific community can look forward to 
their publication in the near future. 


Ionosphere and Positive Ions 


The Soviet papers on the distribution 
of electron density in the ionosphere and 
on the nature and number of positive 
ions were impressive. The Soviet rocket 
and satellite experiments have appar- 
ently provided the first quantitative data 
on the profile of the ionosphere above the 
maximum of the F, region. The result 
of this research indicates that the decay 
of electron density above F, maximum 
is less rapid with altitude than had been 
expected. This conclusion agrees with 
recent United States data obtained 
through the studies of “whistlers,” and 
with English data obtained by observa- 
tion of the transit of radio signals from 
the earth to the moon and back. Several 
techniques were employed by the Soviets 
to obtain electron density measurements. 

First, observations were made on the 
radio “rise” and “set” of the. Sputniks 
(1). Both the 20- and 40-megacycle sig- 
nals were used. From these observations 
the Soviets obtained a profile above F, 
maximum. Second, experiments were 
conducted in rockets (2). The experi- 
mental technique used was the same as 
that used at the U.S. Naval Research 
Laboratory, where two radio signals, har- 
monically related, are transmitted to 
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ground from the rocket. The lower fre- 
quency is chosen so that it is affected by 
the ionosphere; the upper frequency is 
chosen so that it is not affected and thus 
serves as a reference signal. By observa- 
tions on the two signals it is possible to 
deduce the electron density profile. The 
U.S.S.R. scientists presented data below 
F, maximum taken on a number of oc- 
casions with rockets. These profiles agree 
well with U.S. results that show the 
ionosphere to be a single layer with fine 
structure. Above F, maximum the Sovi- 
ets gave data from a recent flight of their 
“Geophysical” rocket. During this flight 
they found F, maximum at 290 kilome- 
ters where the electron density was 
1.8 x 10® electrons per cubic centimeter. 
At 470 kilometers they found a density 
of 10® electrons per cubic centimeter. 
Third, the Soviets presented data ob- 
tained on Sputnik III by the use of an 
ion trap (2). This device gave an ion 
density of 5.2 x 105 ions per cubic centi- 
meter at 242 kilometers and a density 
of 1.8x 105 ions per cubic centimeter at 
795 kilometers. These results were taken 
on a single day, 15 May 1958, and at 
middle latitudes, The time given was 
during daylight, just before noon. John 
E. Jackson of the U.S. Naval Research 
Laboratory has summarized these data, 
and the results appear in Fig. 1. Here he 
has combined U.S. ground-based obser- 
vations (3), U.S. rocket observations 
(4), the U.S.S.R. data, and finally whist- 


ler data (5), to obtain an “average” 
ionosphere. It must be realized of course 
that the ionosphere varies, particularly 
as a function of time of day and of time 
during the solar cycle, but the curve still 
can be taken as a good indication of 
average conditions. 

In addition, a mass spectrometer was 
flown on Sputnik III. This instrument 
was used to determine the nature and 
relative abundance of positive ions in 
the ionosphere in the range from 6 to 
50 atomic mass units (6). The instru- 
ment appears to be identical to the one 
used by J. W. Townsend and C. Y. 
Johnson at the U.S. Naval Research 
Laboratory for the past 8 years on a 
number of rocket flights. The results 
given from the first several orbits show 
that the principal positive ion is that of 
atomic oxygen, mass 16, in the region 
from 250 to 950 kilometers. Atomic ni- 
trogen, mass 14, was also found, in 
amounts that varied with altitude, as 
shown in Table 1. In addition, two other 
small peaks were found in the spectra, 
at masses 18 (water) and 30 (nitric 
oxide). Thé Soviets stated in their 
paper that they felt these were due to 
contamination, since they disappeared 
from the spectra as time went on. Be- 
sides the flight of Sputnik III, Soviet 
scientists flew the mass spectrometer in 
a rocket. Their data agree closely with 
recent U.S. data that show a predomi- 
nant ion of mass 30 (nitric oxide) along 
with mass 32 (molecular oxygen) in the 
E region. Above the E region and into 
the F region, masses 30 and 32 give way 
to mass 16 (atomic oxygen), which in 
turn becomes the predominant ion above 
250 kilometers. An interesting side light 
on both the ion trap and the mass spec- 
trometer experiments on Sputnik III 
was that both instruments showed a 
satellite potential of around — 2 volts. 


Table 1. Variation of atomic nitrogen with 
altitude, as shown by mass spectrometer 
flown on Sputnik ITI. 








Atomic 
Height (km) nitrogen/atomic 

oxygen 
230 0.037 
250 0.03 
255 0.035 
285 0.045 
385 0.06 
460 0.06 
650 0.07 
705 0.07 
820 0.06 
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Atmospheric Structure 


The Soviets have flown a large number 
of their so-called “Meteorological” rock- 
ets during the IGY from launching sites 
in the Antarctic (Mirny), in the Arctic 


(Franz Josef Land), and aboard ship at 
many latitudes. Results on the tempera- 
ture distribution up to an altitude of 50 
kilometers were presented (7). The 
measurements were made by means of a 
novel, radiation-shielded, resistance ther- 
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Fig. 2. Recent data from the United States and the U.S.S.R. on atmospheric densities, 
as determined from rocket and satellite observations. 
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Fig. 3. Sputnik II. [H. E. LaGow] 





mometer. The Soviets claim good agree- 
ment between data from this instrument 
and derived temperatures obtained from 
pressure and density measurements made 
at the same time. The data show the 
same over-all temperature distribution 
with altitude as is shown in U.S. data. 
However, for the first time, complete 
curves were presented, apparently from 
a large number of firings in a complete 
program, showing the seasonal variation 
of temperature at each of six 5-kilo- 
meter intervals between 25 and 50 kilo- 
meters. Below 40 kilometers, the tem- 
perature varied in a sinusoidal fashion 
with an excursion of about 25°C. The 
temperature maximum came in the late 
part of June. Above 40 kilometers the 
variation was also sinusoidal but it was 
larger, with an excursion of about 35°C. 
The maximum came earlier (late May) 
at the higher altitudes. As a function of 
altitude, the data showed the tempera- 
ture minimum to be at 26 kilometers, at 
a value of 200°K (December), and the 
maximum to be at 50 kilometers, at a 
value of 290°K (May). 

From _pressure-gage measurements 
made on rocket flights, one of the 
U.S.S.R. papers compared high-altitude 
densities with U.S. data (8). The agree- 
ment is good, considering the fact that 
it is now believed that densities in the 
atmosphere above 100 kilometers are 
lower at lower latitudes than at higher 
latitudes. The U.S. rocket was fired at 
the White Sands Proving Ground, New 
Mexico; the Soviet rocket, at “middle 
latitudes” (presumably 45°N). The data 
are shown in Table 2. Also in Table 2 
are shown densities determined by means 
of satellites. The point at 228 kilometers 
was obtained by satellite drag measure- 
ments (9); the points at 260 and 355 
kilometers, by pressure gages mounted 
in Sputnik III. In connection with drag 
measurements, the Soviet data are in ex- 
cellent agreement with U.S. results ob- 
tained by observations on the same 
U.S.S.R. satellites. A note of interest 
should be added. The U.S.S.R. paper 
on the pressure-gage measurements in 
Sputnik III mentioned data analysis dif- 
ficulties caused by motion of the satellite 
and by outgassing of the object during 
the early phases of flight. United States 
observers have had similar difficulties in 
connection with rocket flights. It was 
stated that the residual pressure in the 
gage was 1077 millimeters of mercury on 
the first day, 10°§ on the second, and 
10-® on the third day. 

All of the recent data from the U.S. 
and the U.S.S.R. on atmospheric densi- 
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ties tend to show that there is a strong 
latitude dependence. Figure 2, prepared 
by H. E. LaGow of the U.S. Naval Re- 
search Laboratory, shows this. The solid 
curves are rocket data taken at two lati- 
tudes. The points are from satellite ob- 
servations of drag; W refers to winter, 
S to summer, D to day, and N to night. 
Note that at the higher latitudes the den- 
sities are higher. The satellite data bear 
this out, since the Soviet satellites have 
a perigee at high latitudes (the drag is 
much higher at perigee, hence satellite 
drag data taken by observation of the 
change in period give rise to density data 
at perigee) and the U.S. satellites have a 
perigee at the lower latitudes. 

One U.S.S.R. paper suggested that 
there was a diurnal variation of density 
at about 225 kilometers, but that more 
data were needed (9). 


Cosmic Rays and Photons 


The U.S.S.R. effort in the study of 
cosmic rays and photons was reported on 
in a number of papers. In Sputnik II a 
single-shielded Geiger counter (5 g of 
Al) was flown to measure the cosmic ray 
counting rate as a function of geomag- 
netic latitude and as a function of alti- 
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Fig. 4. Sputnik III. [H. E. LaGow] 


tude. The results shown revealed that 
the counting rate increased almost line- 
arly from 30°N to 60°N geomagnetic 
latitude at a constant altitude. No evi- 
dence of a knee showed clearly in the 
data. As a function of altitude the rate 
increased gradually from 225 to 700 kilo- 
meters. The Soviets attribute the in- 
crease primarily to the decrease in mag- 
netic field as a function of altitude and 
secondarily to the spin of the earth, Dur- 
ing the flight of Sputnik II (see Fig. 3), 
an unusual event occured during which 
the counting rate increased by 50 per- 
cent. There was no correlation with any 
event noticed on the ground. The Soviets 
stated that later experience with instru- 
mentation on board Sputnik III (see 
Fig. 4) leads them to believe that there 
is an electron flux north of 60°N at rela- 
tively low altitudes and that the “event” 
was probably part of this phenomenon. 
The U.S.S.R. scientists felt that the elec- 
trons are in orbit from pole to pole and 
that there are three possible sources: (i) 
particles from the sun, (ii) particles 
from the stars, and (iii) particles from 
the decay of neutrons coming back from 
the earth (the neutrons would be albedo 
from energetic cosmic rays). 


On Sputnik III the U.S.S.R. scien- 
tists had three interesting experiments. 
The first of these involved the use of a 
Chérenkov counter arranged to detect 


atomic nuclei in the primary cosmic 
radiation of Z > 15 and of Z > 30. The 
apparatus was calibrated with mu mes- 
ons. The results were quite straightfor- 
ward (/0). Over an interval of ten days 
the number of with Z> 16 
amounted to an average of 1.2+0.1 per 
minute. Only one single count was ob- 
served corresponding to Z > 30. The 
conclusion is that the composition of the 
primary cosmic radiation is about that 
expected on the basis of cosmic abun- 
dances and that recent reports of the 


nuclei 


Table 2. High-altitude densities from pres- 
sure-gage measurements made on Soviet 
rocket flights compared with U.S. data. 





Density (¢/cm*) 





reg U.S.S.R Viking VII 
(km J.S.S.R. yi ing f ° 
) wéoalis (U.S.) Satellite 
100 4 x10-” 2.5 x 10-20 
150 1.7 x 10-2 6.6 x 10-13 
200 2.7 x 10-38 1.4 x 10-8 
220 1.6 x 10-38 9.0 x 10-™ 
228 1.3 x 10-18 2.4 to 
3.2 x 10-38 
260 6.9 x 10-44 1 x10-3 
355 8.8 x 10-26 
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detection of an unusually large number 
of very heavy nuclei in the primaty radi- 
ation are open to question. 

The second experiment on Sputnik 
III involved the use of a large scintil- 
lator. The apparatus consisted of a 
sodium iodide crystal 40 by 40 milli- 
meters, back by a large photomultiplier 
(11). The device was apparently carried 
inside the satellite. By scaling the output 
pulses with a threshold of 35 kev and 
by obtaining total ionization within the 
crystal by measuring the anode current, 
and by noting a dinode current which 
was nonlinear. to the anode current, it 
was possible to obtain infgrmation on 
particle flux, energy flux, and energy 
spectrum. All information was‘ teleme- 
tered via the 20-megacycle radio trans- 
mission (pulse length—pulse space). This 
device seems to be, on separate power, 
with modest demands f6¥4t is said to be 
still in operation at this writing (August 
1958). The results of this experiment 
showed a high intensity of x-ray radia- 
tion presumably produced inside the 
satellite by bombardment of electrons 
on the surface of the object. 

The intensity showed an interesting 
phenomenon: Whenever Sputnik III 
was north of 60°N, in the auroral zone 
(its maximum about 
70°), a “sharp” increase in counting 
rate was systematically observed. The 
Soviets attribute this to auroral electrons 
with an energy of the order of 100 kev 
and more, incident on the satellite shell. 
Furthermore, they speculate that the cur- 
rent may be “stationary” and semiper- 
manent. In addition, peculiar effects 
with respect to the total ionization meas- 
urements were noted outside of the 
auroral zone, which they felt were hard 
to explain on the basis of the normal 
cosmic ray flux. They mentioned lati- 
tude, longitude, and altitude effects. 
Their present conclusion is that the satel- 
lite may be running into corpuscular 
streams probably composed of electrons 
with energy of less than 100 kev. They 
stated that in the auroral‘zone, in the 
energy range 200 to 300 kev, a typical 
flux was 10* particles per square centi- 
meter per second; in the range 20 to 60 
kev, the corresponding flux was 107 par- 
ticles per square centimeter per second. 

The third experiment in this field in 
Sputnik IIT involved the use of two pho- 
tomultipliers with thin phosphor screens 
(12). The screens (2 x 10-8 g/cm?) were 
in turn covered by two thicknesses of 
aluminum foil (4x10 g/cm? and 
8x 10+ g/cm?). These detectors were 
apparently mounted on the outside of the 
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satellite; so that they were exposed to 
the incident radiation and not only to 
partially absorbed and bremsstrahlung 
radiation, as was the case with respect 
to the large scintillator just described. 
The results showed strong variations in 
the radiation detected. The radiation ap- 
peared strongest at the high altitudes and 
in the polar regions (auroral zone). The 
authors attributed the bulk of the radia- 
tion to 10-kev electrons. The maximum 
energy detected was very large, being 
4x 103 ergs per second per steradian 
per square centimeter, Again it appears 
that these are electrons in orbit from 
pole to pole, with absorption at each 
end. The Soviet scientists felt that the 
energy involved was enough to add ma- 
terially to the heating and ionization of 
the upper atmosphere. 
Miscellaneous 


One interesting and controversial paper 
on micrometeors: was presented (/3). 
The paper reported an. average counting 
rate of 90 counts per second per square 
meter. It was stated that micrometeors 
of mass greater than 10°® grams could 
be detected. This is in disagreement with 
U.S. results that show a niuch slower rate 
of impact with detectors of about equal 
sensitivity. The Soviet results, if con- 
verted in terms of the mass of meteoritic 
material falling on the earth per day, 
appear to lead to impossibly high num- 
bers. It will be interesting to see how the 
controversy is eventually resolved. 

The magnetometer on Sputnik III 
was described, and full details were 
given on*its construction and calibra- 
tion (14). No data were presented from 
the flight because of the time element 
and the data-reduction problem. The 
U.S.S.R. authors said that a considerable 
amount of data was obtained and that 
evidence of discontinuities, particularly 
at higher altitudes, was found. In connec- 
tion with fhe interaction of the satellites 
with the magnetic field,. several -Soviet 
scientists stated that there was no evi- 
dence of magnetic damping of the spin 
rate (although such damping might be 
small and thus escape observation) and 
no evidence of “electric drag” due to 
the presence of a large charge on the 
objects. 

The Soviet biological experiments in 
rockets and satellites were reviewed 
(15). Most of the work has been done 
with dogs, both in and out of pressur- 
ized chambers and with and without 
pressure suits. No new information, out- 
side of that which has appeared in the 
press, was given on the dog in Sputnik 





II. When asked a direct question, the 
scientist giving the paper stated that the 
dog lived during the prescribed program 
of 7 days. 

Conclusion. During our visit to Mos- 
cow we saw what was probably one of 
the “flight spares” units of Sputnik ITI. 
The instrumentation installed in the 
satellite had been taken out and was on 
display, piece by piece. In most cases 
the individual units were open for in- 
spection. This was an impressive sight. 
From what I saw I came to the conclu- 
sion that this satellite was a major sci- 
entific accomplishment. The U.S.S.R. is 
putting a very large effort into rocket 
and satellite research—an effort which is 
probably at least an order of magnitude 
larger than the U.S. effort at the present 
time. The Soviets are just starting in this 
area of research, and they are hard at 
work. They are proud of their past ac- 
complishments, and considering the fact 
that they seem to have new and inter- 
esting ideas, I am sure that their efforts 
will show results. 

At this meeting the U.S. data in the 
field commanded more respect than 
U.S.S.R. data. The U.S. data were given 
in more detail, were more complete, and 
covered a broader effort. At the next 
international gathering of this type—say, 
a year or so from now—the Soviet re- 
sults will be on a par with our results. 
After that, unless conditions change, the 
Russians will be ahead. 

J. W. TownseEnp, Jr. 
U.S. Naval Research Laboratory, 
Washington, D.C. 
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News of Science 


Federal Council for 
Science and Technology 


An executive order, stemming from the 
recommendations of a panel drawn from 
the President’s Science Advisory Com- 
mittee, will establish a Federal Council 
for Science and Technology to improve 
the planning and management of Gov- 
ernment research programs and to facili- 
tate the resolution of problems common 
to all federal agencies engaged in scien- 
tific activities. 

The advisory committee’s report, titled 
“Strengthening American Science,” ex- 
amined the whole range of problems con- 
cerned with the interaction of govern- 
ment and science and the specific 
problem of the need for capital for sci- 
ence. Excerpts from the report follow. 


Role of the Federal Government 


“Of all the forces shaping and reshap- 
ing life in America, some of the most in- 
sistent and powerful spring from science 
and technology. The full power of these 
forces could scarcely have been envisaged 
by the framers of the Constitution how- 
ever great their interest in science, and 
as a result, the Federal Government, 
over the years, has had to improvise— 
and has sometimes done so brilliantly—a 
variety of ways to undertake scientific re- 
search and development in areas of great 
national need. In the thirteen years since 
the end of World War II, science and 
technology have pushed to the forefront 
of national life with an urgency that no 
Congress or President serving in the first 
four decades of this century could have 
imagined. This year the U.S. Govern- 
ment will spend over $5 billion on re- 
search, engineering, and development, 
substantially more than it spent in the 
entire four decades 1900-1939—and 
more than the total Federal budget of 
a generation ago. .. .” 

“One of the clearest lessons to emerge 
from the history of science is that vari- 
ous scientific disciplines—seemingly un- 
related—have a way of stimulating and 
fructifying each other in an unexpected 
manner. This complex back-and-forth in- 
terplay is the life and soul of science 
and technology—there can never be too 
much of it. The most impractical thing 
that can be done in designing and direct- 
ing programs of scientific research is to 
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worry overmuch about how ‘practical’ 
they are. The secrets and treasures of 
Nature are hidden in the most obscure 
and unexpected places. It is clear, there- 
fore, that the strongest scientific pro- 
gram is the program with the greatest 
breadth and scope. It is impossible to 
predict from which quarter the next sci- 
entific advance will come; but we can try 
to make sure that the Nation has able 
people at work across the whole scientific 
frontier’... ” 


What Route to Improvement? 


“What is still lacking is an effective 
instrument of government made up of 
representative Government officers, that 
can promote closer cooperation among 
Federal agencies in planning and man- 
aging their programs in science and tech- 
nology and in achieving their coordina- 
tid 2..." 

“Such an instrumentality could serve 
as: (i) A means for considering the im- 
pact of Government research and devel- 
opment programs on nongovernmental 
programs and institutions for the purpose 
of furthering in every proper way the 
general advancement of American sci- 
ence and technology; (ii) A channel of 
communication and a source of policy 
recommendations to the Special Assist- 
ant and to the President from the Fed- 
eral agencies and departments actually 
charged with the responsibility for plan- 
ning and operating programs in science 
and technology. (iii) A means by which 
Government agencies could jointly con- 
sider proposed policies, plans, and pro- 
grams and the impact of such proposals 
on their own programs or administrative 
policies and practices. (iv) A means for 
achieving common implementation of 
policy decisions in the fields of science 
and technology by promoting cooperative 
action among the Government agencies 
concerned. 


Meeting the Need 


“After studying this complex problem, 
the President’s Science Advisory Com- 
mittee recommends the creation of a new 
group composed of policy-making rep- 
resentatives drawn from those Govern- 
ment agencies which spend substantial 
sums for research and development. This 
new group, which might be known as the 
‘Federal Council for Science and Tech- 


nology, would have broad responsibiii- 
ties for advising the Special Assistant to 

the President as to policies which would 

facilitate the resolution of common prob- 

lems and would help promote interagency 

cooperation in developing plans and pro- 

grams designed to strengthen the na- 

tional effort in science and technology. It 

would seem appropriate that the Chair- 

man of the Council for Science and 

Technology be the President’s Special 

Assistant for Science and Technology. In 

addition to being the President’s prin- 

cipal science adviser, he sits in on meet- 
ings of the Cabinet and the National Se- 
curity Council. When appropriate, policy 
matters growing out of the deliberations 
of the Council could be brought before 
the President, the Cabinet, the Presi- 
dent’s Science Advisory Committee, or 
all three, by the Special Assistant. For 
it is, indeed, his responsibility to see that 
public policy benefits from whatever con- 
tributions science and scientists may be 
in a position to make. 

“In recommending policies and other 
measures that will promote more effec- 
tive planning of Federal programs in 
science and technology, the Council 
should prepare a projection of the pro- 
gram costs needed to meet the scientific 
and technological needs of the Federal 
Government. In preparing the projec- 
tion, the Council should carefully ex- 
amine the plans of individual agencies, 
and seek to promote full cooperation 
among them in developing programs 
that will meet their common scientific 
and technological needs, but which will 
eliminate unnecessary overlap and dupli- 
cation. The projection should include 
estimates of new capital requirements 
and take into account the proper utiliza- 
tion and balance of the scientific and en- 
gineering resources the Government re- 
quires, It should also consider the level 
and type of research financed by the pri- 
vate sector of the economy, and see, so 
far as possible, that public and private 
efforts are complementary. In evolving 
a long-range projection the Council 
should act with detachment and respon- 
sibility so as not to encroach upon the 
prerogatives of departmental secretaries, 
agency heads, or the Bureau of the Bud- 
get in the annual budget process. The 
long-range projection should be submit- 
ted to the President or the Cabinet after 
appropriate review by the Special As- 
sistant in consultation with the Science 
Advisory Committee. 

“For the Federal Council for Science 
and Technology to discharge its large re- 
sponsibilities effectively, it will need able 
members with adequate authority. The 
Secretary of each Government depart- 
ment with scattered research and devel- 
opment activities should delegate general 
policy responsibility to a single individual 
who will be able to represent effectively 
all the technical activities of his depart- 
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ment as a whole. In such cases, the posi- 
tion of the Director of Defense Research 
and Engineering in the Department of 
Defense exemplifies the type of represen- 
tation the Council needs. Other agencies 
that are primarily scientific should be 
represented by their directors or agency 
heads. The Bureau of the Budget might 
also advantageously assign an observer 
in view of the Bureau’s overall responsi- 
bilities in Government planning and 
management. 

“Tt also will be necessary to meet the 
Council’s staff requirements. Staff sup- 
port could be furnished by the office of 
the Chairman with assistance from per- 
sonnel in the National Science Founda- 
tion and in other departments and agen- 
cies. The National Science Foundation 
makes numerous basic surveys in science 
both inside and outside of Government, 
and good liaison between the Foundation 
and the Council would be helpful and 
productive. The Bureau of the Budget 
also could be helpful to the Council in 
evolving its plans for meeting long-range 
needs in science and technology and in 
determining capital requirements. No- 
where in Government today, for exam- 
ple, is the total research and develop- 
ment budget adequately reviewed as a 
whole distinct from the program of an 
individual agency. Nowhere is it re- 
viewed in terms of its technical content 
and objectives apart from budgetary ex- 
amination. Nor is there a current proce- 
dure for separately reviewing the research 
portion of the total budget. The un- 
coupling of research from development 
in the budget process would be of consid- 
erable assistance in determining the ap- 
propriate level of support of each of the 
several categories of research and devel- 
opment as well as the soundness of the 
total allocation. 

“Establishment of a Federal Council 
for Science and Technology will not 
automatically solve all the management 
problems of the Government’s research. 
But if the Council acts wisely and boldly, 
and if it is supported enthusiastically by 
the various agencies concerned, it can 
play a profound role in underwriting the 
United States’ scientific leadership in the 
years ahead.” 


Membership of the Panel 


Robert F. Bacher, professor of physics, 
California Institute of Technology; Wil- 
liam O. Baker, vice president (research) , 
Bell Telephone Laboratories; Caryl P. 
Haskins, president, Carnegie Institution 
of Washington; George B. Kistiakowsky, 
professor of chemistry, Harvard Univer- 
sity; Alan T. Waterman, director, Na- 
tional Science Foundation; Paul A. 
Weiss, Rockefeller Institute for Medical 
Research; and Emanuel R. Piore, chair- 
man, director of research, International 
Business Machines Corporation. 
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Arnold Arboretum Controversy 


A test suit of the Arnold Arboretum 
controversy has at last been filed. In 1953 
the Corporation of Harvard University 
announced a plan to transfer the library 
and herbarium of the Arnold Arboretum 
in Jamaica Plain, Mass., to the univer- 
sity’s new herbarium in Cambridge. A 
group of interested persons, the Associa- 
tion for the Arnold Arboretum, accused 
Harvard of a breach of trust in its ad- 
ministration of the Arboretum and tried 
unsuccessfully to obtain a judicial hear- 
ing [Science 119, 369 (19 Mar. 1954); 
119, 459 (19 Apr. 1954); 121, 835 (10 
June 1955) ]}. 

On 15 December 1958 John T. Hem- 
enway, president of the Association for 
the Arnold Arboretum, announced the test 
suit in the following statement, delivered 
at the association’s annual meeting. 

“On December 4, 1958 a test suit was 
filed in the Supreme Judicial Court of 
Massachusetts to determine whether the 
Corporation of Harvard University has 
committed a breach of trust in its ad- 
ministration of the Arnold Arboretum. 
This suit was begun in accordance with 
a decision of Attorney General Edward 
J. McCormack, Jr. which permitted the 
suit in his name by a group of ‘relators.’ 
This group includes: John S. Ames, for- 
mer President of the Massachusetts Hor- 
ticultural Society; Mrs. Oakes Ames, 
widow of Professor Oakes Ames, former 
head of the Arnold Arboretum; John T. 
Hemenway and Francis Blake, respec- 
tively President and Treasurer of the 
Association for the Arnold Arboretum, 
Inc.; Samuel Eliot Morison, Professor 
Emeritus of History at Harvard; Dr. 
Lewis Perry, former Principal of Phillips 
Exeter Academy; and Silas B. McKin- 
ley, prominent lawyer of St. Louis. The 
suit was filed by Thomas V. Rankin, of 
Boston, counsel for the relators. It is ex- 
pected that this group will be later en- 
largeu by the addition of other well- 
known persons both from Massachusetts 
and other States. 

“This suit is the result of six years of 
persistent effort during which access to 
the courts was denied to those who 
claimed breach of trust on the part of 
the Harvard Corporation. Substantial 
doubts were raised by responsible persons 
on the advice of competent counsel as 
to the legality of the Corporation’s ad- 
ministration of the Arnold Arboretum 
trust, and the Corporation was repeat- 
edly requested to obtain a judicial rul- 
ing on the legal questions. Contrary, 
however, to the established practice of 
responsible trustees in these circum- 
stances, the Corporation refused any co- 
operation in obtaining a judicial ruling; 
and the present suit is the result of action 
by an independent Attorney General act- 
ing in the interests of justice. 





“The trust establishing the Arnold 
Arboretum was created in 1872 by an 
agreement between trustees of James 
Arnold of New Bedford and the Harvard 
Corporation, which was made trustee. 
Early in 1953 the Corporation adopted 
a plan which called for the removal 
from Jamaica Plain to Cambridge of 
most of the Arboretum’s fine library and 
herbarium and which also involved the 
transfer of Arboretum personnel and the 
diversion of Arboretum income. 

“This 1953 plan was protested by vari- 
ous friends and benefactors of the Arbo- 
retum who, on the advice of counsel, 
claimed a breach of trust on the ground 
that the plan sacrificed the objectives 
and public usefulness of the Arboretum. 
They asked the Harvard Corporation, as 
trustees, to take the usual course of ap- 
plying to the courts for a ruling. When 


Harvard refused, there followed the long 


effort to obtain a judicial hearing which 
now, after nearly six years, has culmi- 
nated in the present suit. 

“This long effort has been supported 
by the Association for the Arnold Arbo- 
retum, Inc., a nonprofit Massachusetts 
corporation organized in 1953 “to pro- 
tect and support the Arnold Arboretum 
in the public interest.” The Association 
has some 1200 members from about 40 
States, including many well-known horti- 
culturists and Harvard alumni. 

“By proving that justice cannot be in- 
definitely denied, a major objective of 
the Association has been achieved. The 
filing of this suit demonstrates that no 
board of trustees, however influential, is 
so far above the law that it can per- 
manently prevent a judicial ruling as to 
whether a trust is being legally admin- 
istered when serious doubts as to the 
legality are raised by responsible persons. 
For this reason, the suit has a wide sig- 
nificance, not entirely confined to the 
Arnold Arboretum or to Harvard Uni- 
versity.” 


NSF Science Information Service 


The National Science Foundation an- 
nounced on 11 December the establish- 
ment of a Science Information Service, 
in accordance with the provisions of the 
National Defense Education Act of 1958 
and as directed by President Eisenhower 
on recommendation of his Science Ad- 
visory Committee [See Science 128. 1616 
(26 Dec. 1958)]. The Science Informa- 
tion Service is designed to make scien- 
tific literature in all languages more 
readily available in order to shorten the 
time spent by scientists and engineers in 
searching for needed information. The 
new service, which is headed by Burton 
W. Adkinson, will carry out NFS’s re- 
sponsibility to take the leadership in 
bringing about effective coordination of 
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the various scientific information activi- 
ties within the Federal Government. 

The foundation is also directed by 
the National Defense Education Act to 
establish a Science Information Council. 

“", . consisting of the Librarian of 
Congress, the director of the National 
Library of Medicine, the director of the 
Department of Agriculture Library, and 
the head of the Science Information 
Service, each of whom will be ex officio 
members, and fifteen members ap- 
pointed by the Director of the National 
Science Foundation. . . . It shall be the 
duty of the Council to advise, to consult 
with, and to make recommendations to 
the head of the Science Information 
Service.” 

The names of appointed members of 
the council and details of the first meet- 
ing will be announced soon. 


Science in Commerce Department 


Appointment by the National Acad- 
emy of Sciences of a special committee 
of scientists and research administrators 
to study the scientific programs of the 
U.S. Department of Commerce, and to 
recommend new steps to meet the rap- 
idly changing needs of science and in- 
dustry, was announced by Lewis L. 
Strauss, the new Secretary of Commerce, 
and Detlev W. Bronk, president of the 
National Academy of Sciences—National 
Research Council. Mervin J. Kelly, pres- 
ident of Bell Telephone Laboratories, 
will head the nine-member committee. 
John C. Green, director of Commerce’s 
Office of Technical Services, has been 
named executive secretary. 

The Department of Commerce agen- 
cies to be studied include the Bureau of 
Public Roads, Maritime Administration, 
Patent Office, Weather Bureau, Coast 
and Geodetic Survey, National Bureau 
of Standards, and Office of Technical 
Services. The committee will spend sev- 
eral months reviewing the operations of 
these agencies; then on about 1 June, a 
report will be submitted to the Secretary 
of Commerce. The new committee’s ad- 
dress is: Special Advisory Committee 
to Department of Commerce, National 
Academy of Sciences, 2101 Constitution 
Ave., NW, Washington 25, D.C. 


Visiting Lecturers in Meteorology 


The American Meteorological Society 
has undertaken the sponsorship of a vis- 
iting lecturer program in meteorology 
and the atmospheric sciences. With the 
aid of a grant from the National Science 
Foundation, a number of research mete- 
orologists will visit colleges and univer- 
sities to give lectures and hold informal 
discussions with students and faculty. 
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The purpose of the program is to im- 
part information on the challenging 
problem posed by the atmosphere and 
on the opportunities for graduate edu- 
cation and research careers in the atmos- 
phere sciences. The lecturers will be 
available beginning early in 1959 and, 
since the number of colleges they can 
visit is limited, it is urged that interested 
institutions communicate promptly with 
the director of the program, Professor 
Henry G. Houghton, American Meteoro- 
logical Society, 3 Joy St., Boston 8, Mass. 


Medical Electronics 


An International Conference on Medi- 
cal Electronics will be held in Paris, 
France, for 3 days during the week of 22 
June 1959. Papers are being invited from 
scientists in some 20 countries. The scope 
of the meeting is indicated by the fol- 
lowing tentative subjects: (i) informa- 
tion recording, processing, and transfer; 

ii) electronic instruments for specific 
diagnostic analysis; (iii) electronic in- 
struments for medical and biological re- 
search; (iv) sonics and ultrasonics; (v) 
servo systems and feed-back mechanisms; 
and (vi) therapeutic instruments. 

Some 20 or more papers will be ac- 
cepted from authors in the United States. 
Authors who wish to submit papers for 
consideration are invited to send 300- to 
500-word abstracts to the American rep- 
resentative (North and South America) 
on the Program Committee, Dr. F. S. 
Brackett, National Institutes of Health, 
Bethesda 14, Md., by 30 January 1959. 


International Atomic Energy Agency 


The December issue of the Bulletin of 
the Atomic Scientists published the fol- 
lowing comments, partly drawn from the 
New York Times, about the effectiveness 
of the International Atomic Energy 
Agency at the end of its first year of 
operation, 

“The International Atomic Energy 
Agency was established to act as a ‘pool’ 
or clearinghouse for fissionable materials 
needed around the world and as an agent 
to prevent diversion of these materials 
to military uses. During its first year of 
existence no country asked for nuclear 
materials and no request was made for 
its safeguarding services. Fundamental 
weaknesses in the IAEA were brought 
into the open at the second general con- 
ference in Vienna last fall by a request 
from Japan and an attack by Russia. 
Japan formally requested Agency assist- 
ance, as of September 23, in purchasing 
about three tons of natural uranium of 
reactor grade for its first national reactor 
and also requested that the Agency ad- 
minister the safeguards provision of the 


bilateral research and power agreement 
between Japan and the U.S. The Japa- 
nese delegate said that the Agency should 
be able to offer better terms and condi- 
tions than those offered under the bilat- 
eral agreements. This refers to the fact 
that none of the world’s producing na- 
tions will sell uranium to the Agency at 
a lower price than to customers under a 
bilateral agreement. When the handling 
charges are added, this makes uranium 
bought from the Agency more expensive. 
As to the safeguarding services, the IAEA 
is not yet equipped or staffed to perform 
them. 

“The attack upon the Agency by 
Soviet Academician V. S. Emelyanov 
mentioned among other things its meager 
practical results, its inflated budget and 
overgrown administrative mechanism, 
and the lack of a single important scien- 
tific problem on its agenda. He seemed 
to oppose the building up of an inspec- 
tion system and said the first objective 
should be assisting the nuclear programs 
of the underdeveloped nations.” 


U. S. Technologists Abroad 


The Engineering and Scientific Man- 
power Newsletter reports that current 
figures supplied by the International Co- 
operation Administration indicate that 
more than 2000 American scientists and 
engineers are engaged in the world-wide 
activities sponsored by ICA. The mag- 
nitude of the ICA program may be 
judged from the following data. Requests 
for technical assistants in agriculture 
have resulted in the establishment of 
1028 positions in 60 countries. Nearly 
200 of these positions are as yet unfilled. 
In health and sanitation activities, 80 of 
the 398 positions are still open. In the 
programs dealing with industry, mining, 
and transportation, 88 of the 691 posi- 
tions are unfilled. 

The International Cooperation Ad- 
ministration operates in 66 countries— 
eight in Europe, nine in Africa, nine in 
the Near East, five in South Asia, ten in 
the Far East, and 25 in Latin America. 
The latter figure includes all the Latin 
American republics, Trinidad, British 
Guiana, British Honduras, Jamaica, and 
Surinam. Most of the vacancies are in 
the Far East, South Asia, the Near East, 
and Africa. There are, in addition, 1500 
scientists and engineers working for the 
technical cooperation programs through 
private industry and U.S. universities. In 
the past 3 years the demand for person- 
nel has increased more than 40 percent, 
and ICA’s employment division is seek- 
ing recruits. 

There is no accurate count of the 
total number of American scientists and 
engineers working abroad. In all proba- 
bility, the largest and most homogeneous 
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group consists of the geologists, geophysi- 
cists, and construction, petroleum, and 
chemical engineers employed in the oil 
industry. However, these men have never 
been tabulated in the surveys made by 
the Bureau of Labor Statistics and the 
National Science Foundation. The min- 
ing industry accounts for another sub- 
stantial number, which can only be ap- 
proximated. As a guess, the number of 
American engineers and scientists work- 
ing abroad is considerably in excess of 
15,000. 

The State Department estimates the 
number of Communist technicians in un- 
derdeveloped countries at 1600. Approxi- 
mately half of them come from the 
Soviet Union, and the remainder from 
the other satellite countries. Nearly all 
of them are engaged in industrial activi- 
ties—comparatively few in agriculture, 
and even fewer in health and sanitation. 
According to the State Department, the 
largest single group (470) is in the 
United Arab Republic, and there are 
roughly 450 in Afghanistan, 280 in India, 
105 in Indonesia, and 60 in Burma. 





News Briefs 


Reminder: Abstracts for papers to be 
presented at the International Oceano- 
graphic Congress must be in the hands 
of the committee chairman, Dr. Mary 
Sears, Woods Hole Oceanographic In- 
stitution, Woods Hole, Mass., not later 
than 31 January, and the completed pa- 
pers not later than 30 April. The confer- 
ence will take place at the United Na- 
tions, New York, 30 August-12 Septem- 
ber, under the sponsorship of the AAAS 
in cooperation with UNESCO and the 
ICSU Special Committee on Oceanic 
Research. 

*  @ 

This country’s newest and _ largest 
oceanographic research vessel was placed 
in operation by the Navy on 18 Decem- 
ber, in ceremonies at Mobile, Ala. The 
U.S.N.S. Gibbs, which will carry 28 sci- 
entists and a crew of 48, will serve as the 
principal research vessel of the Hudson 
Laboratories of Columbia University, 
under contract to the Office of Naval 
Research. A special feature of the ves- 
sel’s oceanographic equipment will be a 
deep-sea winch capable of handling up 
to 40,000 feet of wire rope and of low- 
ering and raising as much as 20 tons of 
equipment. This means that the Gibbs 
can investigate even the deep ocean 
trenches scattered throughout the world. 

x % # 

The American Chemical Society’s 
Committee on Institutes and Confer- 
ences has announced that it will supply 
descriptive material relating to the Na- 
tional Science Foundation’s summer in- 
stitutes primarily designed for instruc- 
tors of junior high, high school, junior 
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college, and college chemistry. The re- 
port concerning chemistry institutes has 
been prepared to help teachers decide to 
which institute an application should be 
sent. To obtain the material, write to 
W. B. Cook, Chairman, ACS Committee 
on Institutes and Conferences, Montana 
State College. 
* * * 

The American Geographical Society 
is sending a seven-man expedition to 
southern Chile for a 2-month study of 
glaciers in the vicinity of Laguna de San 
Rafael. Calvin J. Heusser of the society’s 
research staff will head the project, 
which is supported by the Office of 
Naval Research. He departed for Chile 
by air on New Year’s Day. The purpose 
of the study is to determine the nature 
and duration of successive climates and 
vegetation since the glaciers of the last 
Ice Age receded some 10,000 years ago. 

* * * 

“The Alphabet Conspiracy” on NBC- 
TV, 26 January, will deal with the sci- 
ence of linguistics. This newest program 
in the Bell System Science Series shows 
how speech is produced, with slow mo- 
tion pictures of the vocal cords and x-ray 
movies of the interaction of tongue, 
teeth, and lips, The development of lan- 
guages, phonetics, and dialect geography 
are also discussed on the program. Pro- 
duced under the general supervision of 
a board of 10 leading scientists, “The 
Alphabet Conspiracy” had W. F. Twad- 
dell, professor of linguistics at Brown 
University, for its principal adviser. 

* = 

Representative Chet Holifield of Cali- 
fornia, chairman of the Joint Committee 
on Atomic Energy’s Special Subcom- 
mittee on Radiation, has announced that 
public hearings will begin on 28 January 
on the subject of industrial radioactive 
waste disposal. Originally scheduled for 
last May, the hearings were postponed 
because of pressure of other business be- 
fore the Joint Committee. Well-known 
specialists have been invited to testify. 
A tentative outline of the hearings, which 
will continue for 5 days, is available on 
request at the offices of the Joint Com- 
mittee on Atomic Energy. 

* * 

Smith Kline & French Laboratories 
has announced the establishment of an 
independent research organization in 
Great Britain to supplement the firm’s 
Research and Development Division in 
Philadelphia. The new Smith Kline & 
French Research Institute of Great 
Britain will be headed by William A. 
Bain, who has held the chair in pharma- 
cology at the University of Leeds since 
that post was created in 1946. He will 
guide a staff of 40. 

* * 

The Franklin Institute Museum, Phila- 
delphia, Pa., celebrated its 25th anniver- 
sary on 1 January. 


Grants, Fellowships, and Awards 


Cancer. The Ann Langer Cancer Re- 
search Foundation has announced an an- 
nual award of $500 for meritorious in- 
vestigation in the field of cancer research, 
either clinical or laboratory. The award 
is being supported by the family of the 
late Bertha G. Teplitz and carries her 
name. Competition is limited to physi- 
cians and other scientists under the age 
of 45. Nominations must be submitted to 
the Teplitz Award Committee, 612 
North Michigan Ave., Chicago 11, IIl., 
by 1 February. 

Ophthalmology. The National Coun- 
cil to Combat Blindness, 41 W. 57 St., 
New York, N.Y., is now accepting ap- 
plications for its 1959-60 Fight For Sight 
grants-in-aid, research fellowships, and 
summer (1959) fellowships. The closing 
date for receipt of completed applica- 
tions for grants and fellowships has been 
advanced to / February in order to allow 
ample time for processing and review. 

Pharmacognosy. The American Foun- 
dation for Pharmaceutical Education an- 
nually offers three cash awards of $250 
each for meritorious papers and essays 
in pharmacognosy. An award is available 
for each of the following groups: (i) 
undergraduate students in accredited col- 
leges of pharmacy; (ii) graduate stu- 
dents in accredited colleges of pharmacy; 
and (iii) teachers, research workers, and 
industrial scientists. All entries must be 
mailed before 1 February to the chair- 
man, Dr. Heber W. Youngken, Massa- 
chusetts College of Pharmacy, 179 Long- 
wood Ave., Boston 15, Mass. 


Scientists in the News 


B. R. STANERSON of the Ameri- 
can Chemical Society, Washington, D.C., 
has been elected president of the Scien- 
tific Manpower Commission for 1959. 
Stanerson has been a member of the 
commission since it was founded in 1953 
by the ten largest scientific organizations 
in the United States. The retiring presi- 
dent, Henry A. Barton of the American 
Institute of Physics, will continue to serve 
on the commission as a representative of 
the institute. 


ROME F. GELLER, who retired in 
1956 from his position as chief of the 
Porcelain and Pottery Section of the Na- 
tional Bureau of Standards, has been 
named 1959 recipient of the Albert Vic- 
tor Bleininger Award of the Pittsburgh 
Section of the American Ceramic So- 
ciety. The award is the highest honor 
conferred in this country for distin- 
guished achievement in the field of ce- 
ramics, and is presented annually by the 
Pittsburgh Section. 

Geller joined the NBS staff in 1918 
as a ceramic technologist in the Pitts- 
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burgh Laboratory. He served as chief of 
the NBS Refractories Section from 1925 
to 1927, when he left to accept a posi- 
tion as director of research with the 
Abrasive Co., Philadelphia, Pa. Return- 
ing to the bureau in 1930, he became 
chief of the Porcelain and Pottery Sec- 
tion. He now continues to serve the NBS 
fineral Products Division on a part-time 
basis as chairman of its editorial com- 
mittee and as a ceramic consultant. 


Recent honorary 
include the following: 
CARL W. BLEGEN, professor of clas- 
sical archeology at the University of Cin- 
cinnati, from the University of Cincin- 

nati. 

EUGENE M. C. GEILING, profes- 
sor of pharmacology at St. John’s Uni- 
versity, New York, from St. John’s Uni- 
versity. 

CUSHMAN D. HAAGENSEN, pro- 
fessor of clinical surgery at Columbia 
University’s College of Physicians and 
Surgeons, from the University of North 
Dakota. 

GROVER HOLT, general manager 
of mines for Minnesota and Michigan 
for the Cleveland Cliffs Mining Co., from 
the University of North Dakota. 

CHARLES N. KIMBALL, president 
of Midwest Research Institute, Kansas 
City, Miss., from Park College, Park- 
ville, Miss. 

GRAYSON L. KIRK, president of 
Columbia University, New York, from 
the University of North Dakota. 

DOMINICK F. MAURILLO, sur- 
geon and chairman of the New York 
State Regents License Committee, from 
St. John’s University. 

Rev. LAURENCE J. McGINLEY, 
president of Fordham University, from 
St. John’s University. 

Brother AUGUSTINE PHILIP, pres- 
ident of Manhattan College, from St. 
John’s University. 

CHARLES H. SILVER, president of 
the New York City Board of Education, 
from St. John’s University. 

Very Rev. ROBERT J. SLAVIN, 
president of Providence College, from 
St. John’s University. 

NEAL A. WEBER, professor of zool- 
ogy at Swarthmore College, from the 
University of North Dakota. 

PHILIP W. WEST, head of the divi- 
sion of analytical chemistry at Louisiana 
University, from the University of North 
Dakota. 


degree recipients 


ERNEST R. SEARS, cytogeneticist 
with the U.S. Department of Agricul- 
ture’s Department of Field Crops at the 
University of Missouri, has received the 
National Award for Distinguished Serv- 
ice to agriculture of Gamma Sigma 
Delta, national agricultural honor so- 
ciety. Sears’ selection was based on his 
work in cytogenetics. Because of his con- 
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tributions to the understanding of the 
genetic make-up of wheat, plant breeders 
have been able to develop new varieties 
of wheat that are immune to leaf rust. 


STEVEN YURENKA, specialist in 
plastics, has been appointed manager of 
the Advanced Structures Research Labo- 
ratory of the Research and Development 
Division of Narmco Industries, Inc., San 
Diego, Calif.; HAROLD H. LEVINE 
has been named research chemist in the 
same Narmco division. Both men are 
known for their work in aircraft and 
guided missile research. Yurenka was for 
7 years a research engineer at the Santa 
Monica Division of Douglas Aircraft 
Company, and, prior to that assignment, 
was associated for 5 years with Massa- 
chusetts Institute of Technology as re- 
search associate and head of the plastics 
testing laboratory. Levine was a project 
leader for 4 years at Quantum, Inc., Wal- 
lingford, Conn. : 


GEORGE MYLONAS, professor and 
chairman of Washington University’s art 
and archeological department, was re- 
cently honored at a surprise party for his 
60th birthday and presented with a 
$5000 check, which he will use for exca- 
vation work in Greece next summer. The 
gift was raised by the archeologist’s 
friends. Mylonas has spent six successive 
summers in Greece, where he has exca- 
cated at cemeteries at Eleusis and My- 
cenae. He is author of the book, My- 
cenae, the Capital City of Agamemnon, 
and of more than 100 other books and 
articles. In the summer of 1955 he was 
decorated by King Paul of Greece with 
the Order of the Commander of King 
George I for his discoveries and research. 


Stanford Research Institute, Menlo 
Park, Calif., has announced the addition 
of three senior scientists to the staff of 
the Physical Sciences Division. 

GERALD A. LePAGE, professor of 
oncology in the McArdle Memorial Lab- 
oratory for Cancer Research, University 
of Wisconsin, has been named program 
director in biochemistry. 

JOSEPH GREENBERG, head of the 
chemotherapy section, Tropical Diseases 
Division, National Institutes of Health, 
has been named program director in 
microbiology. 

JOSEPH D. MANDELL, who for the 
past 3 years has been engaged in research 
at the Carnegie Institution of Washing- 
ton, has been named microbiologist and 
cytologist. 

LePage is directing studies of the bio- 
chemistry of anticancer drugs in mam- 
malian systems and of ways in which 
drug-resistance develops in cancer cells. 
Mandell and Greenberg are collaborating 
on basic research on the action of cancer 
chemotherapeutic agents at the cellular 
level. 


Recent Deaths 


CHARLES W. FOULK, Columbus, 
Ohio; 89; professor emeritus of chemis- 
try, Ohio State University; taught ana- 
lytical chemistry from 1898 to 1938; 15 
Dec. 

WILLIAM J. GERHARD, Chicago, 
Ill.; 83; curator of entomology at the 
Chicago Natural History Museum from 
1944 until his retirement in 1951; 15 Dec. 

NORMAND L. HOERR, Cleveland, 
Ohio; 56; professor of anatomy at West- 
ern Reserve University since 1939; as- 
sistant professor of anatomy at the Uni- 
versity of Chicago, 1933-39; 14 Dec. 

WILLIAM L. HOLT, Washington, 
D.C.; 68; before retirement in 1947, a 
rubber technologist with the National 
Bureau of Standards for 26 years; before 
joining the bureau, worked with the 
Western Electric Company in Chicago 
and Goodrich Rubber Company in 
Akron, Ohio; 15 Dec. 

KENNETH C. McAFEE, North For- 
estdale, Md.; 47; electronic engineer, 
who worked on a guided missile pro- 
gram with the Diamond Ordnance Fuze 
Laboratories; 17 Dec. 

RALPH W. NAUSS, Gainesville, Fla.; 
82; retired in 1946 as instructor in public 
health and preventive medicine at Cor- 
nell Medical College; then established, 
and was director of, the Laboratory of 
Parasitology at New York Hospital, from 
which he retired in 1952; author of the 
textbook Medical Parasitology and Zool- 
ogy; 15 Dec. 

CHARLES L. RANSON, neurologist 
and faculty member at Bowman Gray 
Medical School of Wake Forest Col- 
lege, Syracuse University, and Johns 
Hopkins University, 14 Dec. 

WILLIAM H. SHIDELER, Oxford, 
Ohio; 72; retired in 1957 as head of 
the geology department of Miami Uni- 
versity (Ohio), with which he was con- 
nected for 47 years; 18 Dec. 

FRANK A. STROMSTEN, Iowa 
City, Iowa; 86; comparative anatomist 
and professor emeritus, State University 
of Iowa; acting director of the Iowa 
Lakeside Laboratory on Lake Okoboji 
(1923-26); 26 Nov. 





Erratum: In the 26 December issue 
[Science 128, 1614 (1958)], the solutions 
to the problem “A door opening was 3 
feet 9 inches higher than it was wide. 
Which one of the following best expresses 
the area of the door opening, in square 
inches, after the opening has been height- 
ened 2 inches and narrowed 3 inches?” 
were erroneously given as 
A) le+ (x/w) 

C) 1+ (cw/x) 

E) (l+cx)/w 

The possible solutions should have been 
A) x°+44x- 141 B) x°+47x+141 
C) x(x+45) + 66 D) x*+45+72 
E) (x+45)(#-3) 


B) 1+ (w/cx) 
D) (l+cw)/x 
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Book Reviews 


A History of Magic and Experimental 
Science, vols. VII and VIII, The 
Seventeenth Century. Lynn Thorn- 
dike. Columbia University Press, New 
York, 1958. x + 695 pp.; viii + 808 pp. 
Illus. $10 each. 


With these volumes Thorndike con- 
cludes a work begun in 1902, the first 
volume of which was printed in 1923. 
The project began, according to the in- 
troduction to the first volume, as an at- 
tempt “‘to treat the history of magic and 
experimental science and their relations 
to Christian thought” during the 12th 
and 13th centuries, the time of greatest 
medieval productivity. The author real- 
ized even before the publication of the 
first volume, however, “that this period 
could be best understood by viewing it 
in the setting of the Greek, Latin, and 
early Christian writers to whom it owed 
so much.” The subsequent appearance of 
six additional volumes (volumes I and 
II cover the period described above) 
continued the project through four ad- 
ditional centuries and testified to the au- 
thor’s apparent conviction that the ex- 
tension of the study into the 17th 
century, to connect it with the nascent 
era of modern science, would make it 
even better understood, 

No one who makes the acquaintance 
of this prodigious work can fail to be 
impressed by the magnitude of the un- 
dertaking. This rare example of a work 
successfully carried far beyond the scope 
of its original prospectus makes a most 
unusual contrast with the more typical 
case of the grandly conceived and only 
partially accomplished work. 

Anyone who has given more than cur- 
sory attention to the history of science 
prior to the 19th century will have be- 
come aware of the existence of a veri- 
table multitude of writers on science who 
are now barely known by name, if at all. 
If he has pursued the matter further he 
will have discovered that the works of 
these writers are virtually unobtainable, 
and he will have resigned himself to the 
somewhat uneasy conclusion that they 
couldn’t have been very important. 
Thorndike has, for the first time, taken 
the trouble to ferret out a large number 
of these writers and to present the con- 
tent of their writing, at least in outline. 

Volumes VII and VIII deal with the 


on 


17th century and with some 1600 authors 
and 2446 “topics’—numbers consider- 
ably in excess of those dealt with in 
earlier volumes. This will not occasion 
surprise, for, as A. F. Bertini noticed in 
1699, speaking of the medicine of his 
age, one of the chief faults of the age 
was “the printing of too many books, 
which confuse, rather than instruct, 
men’s intellects” (vol. 8, page 622). 
Since most of the 1600 authors are ob- 
scure, Thorndike’s work is invaluable for 
biobibliographical reference. 

As an account of the magic and ex- 
perimental science of the 17th century 
the work is less satisfactory. Continuity is 
lacking to such an extent that the work 
suffers a serious deficiency in readability. 
One can readily appreciate the problem 
posed by the necessity of fitting this mul- 
titude of writers and topics into a format 
established for earlier volumes dealing 
with simpler and less effusive centuries; 
to this problem is added the tendency of 
17th-century writers to range over all of 
the sciences, natural and occult, within 
a single treatise. Others have avoided 
traversing this jungle by devious detours. 
Thorndike has managed to get through 
it, but it is not easy to follow his trail. 

A second defect appears when the 
work is considered as a history of ex- 
perimental science. In the conclusion to 
the second volume, Thorndike explained 
that he had begun with the intention of 
writing a history of magic but that an un- 
expected by-product, experimental sci- 
ence, had forced itself increasingly on his 
attention. He predicted that its impor- 
tance would increase in subsequent vol- 
umes on the 14th and 15th centuries, 
and the conclusion to the fourth volume 
states that that expectation has been 
corroborated. His few exemplifications, 
however, relate as much to theoretical 
as to experimental science. The question 
is scarcely touched upon in the last chap- 
ter of the volumes relating to the 16th 
century or in that now under review, re- 
lating to the 17th century. In this strange 
disappearance of one of the principal 
topics of the work lies its principal limi- 
tation. 

Thorndike repeatedly emphasizes the 
fact that experiment played a role in 
magic, and this appears to be the origin 
of his decision to deal also with experi- 
mental science. But this experimentation 


not only arose in simple experience but 
seems, from this account, to have re- 
mained there. That is to say, it was very 
frequently the result of a single experi- 
ment and even more often simply the 
testimony of a group of “eye witnesses.” 

In failing to draw conclusions in these 
volumes as to the progress of experi- 
mental science in the 17th century, 
Thorndike compels the reader to fall 
back on his incidental references to the 
subject, which are, to say the least, in- 
conclusive. When he does mention sci- 
ence it is often just “science,” for the 
good reason that theoretical and not ex- 
perimental science is involved. But these 
brief references to science are further 
truncated by the elimination of mathe- 
matics from consideration. The result is, 
to take an example, to present a figure 
such as Kepler principally from the point 
of view of astrology. Thorndike has 
shown convincingly that magic and ex- 
perimental science are not unrelated. 
The failure of his long work to present 
a comprehensive statement of the growth 
of experimental science suggests that ex- 
perimental and theoretical science are 
also related, in a way which nullifies an 
attempt to treat one without the other. 

This defect applies principally to the 
sections dealing with astronomy and 
physics. Chemistry and biology, while 
scarcely disentangled from their related 
metasciences, are presented with a full- 
ness which contrasts startlingly with 
most histories of these particular sci- 
ences. Conventional histories tend to deal 
with the 17th century in terms of pre- 
cursors and scarcely demonstrate that 
chemistry and biology really existed in 
that century. Yet the voluminous writ- 
ings unearthed by Thorndike should con- 
vince one that something, if not chem- 
istry and biology as we know them, occu- 
pied this area of intellectual interest at 
that time. The root of the problem seems 
to be that chemistry and biology, while 
no longer purely “medieval,” had not 
yet been swept up by the scientific revo- 
lution in the 17th century and cannot be 
treated simply in its terms. Thorndike 
has not discovered the key to their ex- 
planation, but his work should help to 
force the historians of chemistry and 
biology to reckon with the problem. 

If he keeps in mind the title of the 
work, the scientist reader should not be 
shocked by the intrusions of the dis- 
reputable ancestors of the sciences or by 
the inclusion of long chapters on such 
topics as physiognomy and divination. As 
Thorndike has demonstrated in earlier 
volumes, science “grew up in the very 
midst of superstition and mental an- 
archy” (vol. 2, page 978). Perhaps the 
possibility of the converse exists. If so, 
some acquaintance with this earlier 
milieu of science might be useful. It is 
pointed out that Galileo’s assumption 
that he had invented two new sciences 
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was due in part to his erroneous sup- 
position that there had been no progress 
in mathematical or experimental physics 
since Aristotle and Archimedes; to this 
Thorndike remarks that “most modern 
physicists do not repeat Galileo’s mis- 
take of studying only ancient science and 
neglecting medieval activity in physics, 
for the simple reason that they do not 
pay any attention to the history of sci- 
ence. But is this not doubling his error?” 
(vol. 7, pages 43-44). 

This is a question for the conscience 
of the physicist, but he can hardly be ex- 
pected to do anything about it without 
the aid of those trained in the explora- 
ti: of the dark continent of obsolete 
scicce. Thorndike has done far more 
than his share in mapping this region. 

Rosert P. MuULTHAUF 
Department of Science and Technology, 
Smithsonian Institution 


Solid State Physics. vol. 6, Advances in 
Research and Application. Frederick 
Seitz and David Turnbull, Eds. Aca- 
demic Press, New York, 1958. xiv + 
429 pp. $12. 


As the successive volumes in this series 
come out, at a rate of something like 
two a year, and as one scans the list of 
articles planned for future volumes, one 
cannot help but be impressed by the di- 
versity of the subjects which come under 
the general classification of solid-state 
physics. And so it is with the volume 
under review, the sixth of the series, 
which contains the following articles: 
“Compression of solids by strong shock 
waves.” by M. H. Rice, R. G. McQueen, 
and J. M. Walsh; “Changes of state of 
simple solid and liquid metals,” by G. 
Borelius; “Electroluminescence,” by W. 
W. Piper and F. E. Williams; “Macro- 
scopic symmetry and properties of crys- 
tals,” by Charles S. Smith; “Secondary 
electron emission,” by A. J. Dekker; 
“Optical properties of metals,” by M. 
Parker Givens; and “Theory of the op- 
tical properties of imperfections in non- 
metals,” by D. L. Dexter. 

During World War II scientists were 
interested in the propagation of shock 
waves through various media, primarily 
from the armaments standpoint, and a 
general theory of this process was worked 
out by Bethe for media satisfying a wide 
range of possible equations of state. The 
realization that the experimental data 
could be inverted to yield information 
about the equation of state of solids has 
opened up an interesting field for re- 
search, and the very welcome article by 
Rice et al. summarizes the progress in 
this field to date. These authors present 
the hydrodynamical and thermodynamic 
equations basic to a discussion of shock- 
wave propagation in solids, together with 
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a description of experimental methods 
and a comparison of the results of ex- 
periments and theoretical calculations. 

The article by Borelius is less a survey 
article than the others in this volume and 
is concerned primarily with an exposition 
of his recent work on changes of state 
(particularly melting) which occur at 
zero pressure. The theory is essentially 
phenomenological, and with a proper 
choice of parameters in his equations 
Borelius is able to obtain good agreement 
with experimental values for the changes 
in energy, entropy, and volume on melt- 
ing. 

Electroluminescence is the excitation 
of light emission in phosphors as a result 
of an applied potential difference across 
the phosphor. In their article, the longest 
in this volume, Piper and Williams are 
concerned primarily with the basic 
mechanisms of electroluminescence and 
with the effect of local field conditions in 
determining the operative mechanism in 
any particular case. This exhaustive ar- 
ticle, with over 200 references to the 
literature, should become an essential 
part of the library of any physicist con- 
ducting research in this field. 

Although there exist several books and 
review articles dealing with the effect of 
the symmetry of a crystal on the com- 
ponents of the tensors describing the 
physical properties of the crystal, Smith’s 
article serves as an excellent introduc- 
tion to this subject. Since most introduc- 
tory discussions of crystallography are 
usually limited to formal explanations 
of symmetry operations and point groups 
and to definitions of concepts such as 
space groups, the present article, which 
goes beyond this, with its emphasis on 
the relation between crystalline symmetry 
and macroscopic crystalline properties, 
is very welcome. 

The stated purpose of the review by 
Dekker is to present and discuss experi- 
mental information that seems pertinent 
to an understanding of the secondary 
emission process. This the article does, 
but in addition it contains a careful dis- 
cussion of several theories of this process, 
comparing their predictions with the ex- 
perimental results. 

The last two articles deal with the 
optical properties of metals and of im- 
perfections in nonmetals, respectively. 
The article by Givens is divided almost 
equally between a theoretical discussion 
of the index of refraction and of the ab- 
sorption coefficient of metals and a de- 
scription of experimental techniques for 
their determination, together with a 
summary of the experimental data for a 
large number of metals. The theoretical 
treatment is essentially classical, except 
for the discussions of the internal photo- 
electric effect and the anomalous skin 
effect. Dexter’s article, on the other hand, 
is concerned exclusively with the theory 
of those optical properties of nonmetals 


which are explicitly connected with 
the presence of imperfections. It is pri- 
marily a description of the various tech- 
niques which have been developed over 
the years for investigations of this prob- 
lem, together with a summary of the re- 
sults obtained. Some discussion of the 
relation of experimental results to theo- 
retical predictions is given, but the em- 
phasis is principally on the theoretical 
aspects of the problem. 

All of the articles in this volume are 
written by people well known for their 
contributions to their respective fields. 
They are well written and are certainly 
up to the high standards set by the pre- 
ceding volumes in this series, to which 
the present volume makes a fit addition. 

ALEXEI A. MaRADUDIN 
Institute for Fluid Dynamics, 
and Applied Mathematics, 
University of Maryland 


Genetics. A survey of the principles of 
heredity. A. M. Winchester. Houghton 
Mifflin, Boston, Mass., ed. 2, 1958. 
xiii + 414 pp. Illus. $6.25. 


This is an anthropomorphically ori- 
ented elementary textbook of genetics 
that is evidently written for the college 
student who has had little previous for- 
mal education. A veritable picture book, 
it presents genetics primarily as a social 
science in the best merchandizing tradi- 
tion of the elementary-textbook trade. It 
is impossible to recommend this text for 
use as supplementary material for any 
serious beginner’s course in genetics. 

S. R. Gross 
Rockefeller Institute 


Land, the Yearbook of Agriculture, 1958. 
U.S. Department of Agriculture, 
Washington, D.C., 1958 (order from 
Superintendent of Documents, U.S. 
Government Printing Office, Wash- 
ington 25, D.C.). xi+605 pp. Illus. 
+ plates. $2.25. 


The first volume in this series was pub- 
lished by the Commissioner of Patents in 
1849. Since 1936 each volume has been 
devoted to a special subject important 
to American agriculture. The present 
volume returns to the most fundamental 
problem of agriculture—the land—and 
discusses the physical, legal, and eco- 
nomic characteristics of land and the 
past, present, and probable future utili- 
zation of this resource. 

In 67 chapters, which include numer- 
ous attractive pictures and many instruc- 
tive charts and maps, 93 eminent au- 
thorities from inside and outside the 
Department of Agriculture tell how our 
domain has been acquired and put to 


91 





use, how public and private lands are 
managed in the various parts of our 
country and in our territories and island 
possessions, and how the productivity of 
our land resources has been increased 
through better understanding of soil 
characteristics and of the use of farm 
machinery, fertilizers, agricultural chem- 
icals, irrigation and drainage, and im- 
proved varieties of crops and animals. 

Major attention is given to the eco- 
nomic and legal aspects of land tenure, 
types of ownership, land value and ap- 
praisal, credit, insurance, taxes, the real- 
estate market, and the transfer of prop- 
erty rights. After a section on present 
income from farm land, the protection of 
future productivity by proper soil and 
water conservation is treated, with all 
the emphasis which this subject requires 
in view of our growing need for food 
and fiber for a rapidly expanding popu- 
lation. To achieve such protection a 
proper balance must be struck between 
present and future requirements; be- 
tween crop and animal production; be- 
tween farm land, pasture, and forest; 
between adequate incomes for the farm- 
ers and the requirements of future gen- 
erations. 

While the Yearbook does not offer any 
specific program or plead for any par- 
ticular form of land policy except that 
of sound conservation of resources, it 
raises questions that should be the con- 
cern of every citizen. 

Francis JosepH WEIss 
Arlington, Virginia 


The Medical World of the Eighteenth 
Century. Lester S. King. University 
of Chicago Press, Chicago, 1958. xix + 
346 pp. $5.75. 


In a series of interconnected essays on 
apothecary and physician, on quack and 
empiric, on Boerhaave, fevers, homeop- 
athy, nosology, ethics, pathology, and 
practice, Lester S. King, clinical profes- 
sor of pathology at the University of IIli- 
nois College of Medicine, delineates in 
an attractive manner the “medical world 
of the 18th century,” interpreting it as 
the era of the foundation of modern 
medicine. Without attempting to present 
a comprehensive history of the period, 
he describes clinical medicine and pa- 
thology in their main outlines and, with 
reference primarily to England, the 
classes of practitioners and their multi- 
tudinous conflicts, paying particular at- 
tention to the ethical and economic im- 
plications. 

The book, interspersed with salient 
observations on the philosophy of science 
and the scientific method, may be read 
with profit and pleasure by physicians 
and laymen alike. It is written in a 
pleasant style and except for a dozen or 
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so proof-reading slips (the most serious 
being a wrong line of poetry on page 16), 
it is a commendably good example of the 
printer’s craft. 

Joun B. BLAKE 
Division of Medical Sciences, 
Smithsonian Institution 


Textbook of Virology for Students and 
Practitioners of Medicine. A. J. Rhodes 
and C. E. Van Rooyen. Williams and 
Wilkins, Baltimore, ed. 3, 1958. xv + 
642 pp. Illus. $10. 


The third edition of this well-known 
textbook follows the same general pat- 
tern as the second edition, published five 
years ago, although there has been a 
moderate (15 percent) increase in size. 
The first section is devoted to a general 
discussion of viral agents and of the 
characteristic infections which they pro- 
duce in man and animals. The next two 
sections take up individual diseases in 
groups, according to the systems primar- 
ily involved (skin diseases, respiratory 
diseases, neurotropic virus diseases, and 
so forth), or, when this is not possible, 
according to epidemiological or etiolog- 
ical considerations (arthropod-borne and 
tropical fevers, diseases caused by the 
Coxsackie viruses). The final section 
is devoted to rickettsial infections. 

As stated by the authors, “this text is 
written primarily to help medical stu- 
dents and practitioners to a better un- 
derstanding of the etiology, natural; his- 
tory, and epidemiology of the individual 
viral diseases of man.” They have suc- 
ceeded admirably in this purpose within 
the limitations of space set by an intro- 
ductory textbook. A wealth of up-to- 
date information is presented in a clear 
and succinct fashion (as, for example) 
in the chapter on poliomyelitis). Al- 
though space requirements have limited 
the discussion of controversial matters, 
dogmatic statements have been avoided. 
The bibliography, consisting almost en- 
tirely of articles published in English, is 
extensive and up to date. The illustrations 
are excellent, and very few typograph- 
ical errors have crept into the text. A 
combined author and subject index adds 
to the value of the book. One regrets 
that the authors were not in a position 
to expand their chapter on “Present con- 
cepts of the nature of viruses,” and that 
the final section devoted to rickettsiol- 
ogy, the traditional stepchild of virology, 
is so brief. 

This is an excellent textbook which 
can be recommended highly to medical 
students and physicians as one of the 
outstanding introductions to viral infec- 
tions of man. 

F. S. CHEEVER 
Graduate School of Public Health, 
University of Pittsburgh 








New Books 


Algae. The grass of many waters. Lewis 
Hanford Tiffany. Thomas, Springfield, 
Ill., ed. 2, 1958. 214 pp. $6.50. 

Aviation Medicine, Selected Reviews. 
Clayton S. White, W. Randolph Lovelace 
II, and Frederic G. Hirsch. Pergamon, 
New York and London, 1958. 310 pp. $12. 

Biology. A course of selected reading by 
authorities. International University So- 
ciety, London, ed. 2, 1958 (order from 
Collings, Inc., New York 17). 381 pp. 
$4.50. This volume of selected readings is 
divided into units on the unity of life, the 
diversity of life, biology and health. There 
is an introductory reading guide by Sir S. 
Zuckerman. Contributors include T. H. 
Huxley, J. D. Bernal, C. H. Waddington, 
S. Zuckerman, and Julian Huxley. 

Disease, Life, and Man. Selected essays 
by Rudolf Virchow. Translated with an 
introduction by Lelland J. Rather. Stan- 
ford Univ. Press, Stanford, Calif., 1958. 
281 pp. $5. 

Epoxy Resins. Irving Skeist. Reinhold, 
New York, 1958. 305 pp. $5.50. 

Food Microbiology. William Carroll 
Frazier. McGraw-Hill, New York, 1958. 
481 pp. $9. 

Free Radicals as Studied by Electron 
Spin Resonance. D. J. E. Ingram. Aca- 
demic Press, New York; Butterworths, 
London, 1958. 283 pp. $9.50. 

Geology of the Great Lakes. Jack L. 
Hough. Univ. of Illinois Press, Urbana, 
1958. 331 pp. $8.50. 

The Green Flash and Other Low Sun 
Phenomena. D. J. M. O’Connell. North- 
Holland, Amsterdam; Interscience, New 
York, 1958. 192 pp. $6. 

A Guide to the History of Bacteriology. 
Thomas H. Grainger, Jr. Ronald, New 
York, 1958. 221 pp. $4.50. This guide, 
with selected references, was compiled for 
use in a history of microbiology course 
offered at Lehigh University. It is divided 
into a selective guide to the literature of 
bacteriology (general references and ref- 
erences on bacteriology) ; a history of bac- 
teriology, with special reference to specific 
areas; biographical references and _ bac- 
teriologists; and a selected guide to biog- 
raphies of selected bacteriologists. 

Gum Plastics. M. Stafford Thompson. 
Reinhold, New York, 1958. 203 pp. $4.50. 

Inside the Great Mirror. A critical ex- 
amination of the philosophy of Russell, 
Wittgenstein, and their followers. James 
K. Feibleman. Nijhoff, The Hague, Neth- 
erlands, 1958. 228 pp. 

The Integration of Human Knowledge. 
A study of the formal foundations and 
the social implications of unified science. 
Oliver L. Reiser. Sargent, Boston, Mass., 
1958. 492 pp. $8. 

Junction Transistor Electronics. Rich- 
ard B. Hurley. Wiley, New York; Chap- 
man & Hall, London, 1958. 490 pp. 
$12.50. 

Patients, Physicians, and Illness. Source- 
book in behavioral science and medicine. 
E. Gartly Jaco. Free Press, Glencoe, IIl., 
1958. 608 pp. $7.50. 

Patterns of Discovery. An inquiry into 
the conceptual foundations of science. 
Norwood Russell Hanson. Cambridge 
Univ. Press, New York, 1958. 250 pp. 
$5.50. 
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Possible Relation between 
Marine Fungi and Limnoria 
Attack on Submerged Wood 


Abstract. Wood submerged in the sea 
at Friday Harbor and at Naples contained 
only occasional hyphae, which showed 
no relationship to Limnoria burrows. Cul- 
tures of Limnoria established in “‘uncondi- 
tioned” wood and in autoclaved wood 
were maintained in the absence of fungi. 
These results indicate that marine fungi 
have no significance for the activities of 
Limnoria. 

In the 8 Nov. 1957 issue of Science, 
Meyers and Reynolds (7) reported that 
wood submerged in the sea is soon in- 
fested with marine fungi. Believing that 
fungal infection always occurs prior to 
attack by marine wood borers, especially 
Limnoria, they suggested that there 
might be a relationship between fungi 
and wood-destroying animals. Becker, 
Kampf, and Kohlmeyer (2), at about 
the same time, published the results of 
extensive observations and experiments 
that had led them to the same conclu- 
sion. Further work in support of this 
hypothesis was reported by Reynolds and 
Meyers (3) and by Schafer and Lane 
(4). In each case it was stated, sug- 
gested, or implied that marine wood- 
boring animals do not attack wood or 
become established in it unless the wood 
is first invaded and “conditioned” by 
marine fungi. 

Because we believe that the evidence 
so far presented is insufficient to build a 
sound case, we undertook to examine the 
problem (5). From our studies, carried 
out at the Friday Harbor Laboratories of 
the University of Washington and at the 
Stazione Zoologica di Napoli, we have 
been unable to obtain results similar to 
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Reports 


those reported in the publications cited 
above. Since the suggestion that marine 
fungi may have a primary role in wood 
deterioration in the sea has serious eco- 
nomic implications, we feel that it is 
necessary to make our findings a matter 
of record. 

The question of a possible relationship 
between marine fungi and marine wood 
borers was raised and discussed at the Fri- 
day Harbor Symposium on Marine Bor- 
ing and Fouling Organisms, and much of 
the supporting evidence was published 
in the proceedings of that conference 
(6). The hypothesis rests mainly upon 
the following observations: (i) that 
wood when submerged in the sea is uni- 
versally and rapidly attacked by marine 
fungi; (ii) that wood is not attacked by 
Limnoria until after it has been sub- 
merged for a period of time sufficient to 
“condition” the surface layers; (iii) that 
Limnoria is unable to survive in wood 
that has been sterilized by autoclaving. 

Concerning the first observation, it was 
reported (J, 3) that fungi appeared on 
wooden test panels exposed in more than 
63 stations in the Western Hemisphere, 
and that at Biscayne Bay the infection 
may be extensive in less than a week 
and vigorous sporulation by ascomyce- 
tous fungi may occur after 2 to 3 weeks’ 
submergence. Working with laboratory 
cultures, Becker (2) recorded that all 
samples of both softwood and hardwood 
contained fungal mycelium in the surtace 
layers and in the vicinity of Limnoria 
burrows after a submergence period of 
several weeks. It was also reported that 
wood samples collected from the North 
Sea, the Mediterranean, and the Indian 
Ocean regularly contained fungi. 

We have examined, both at Friday 
Harbor and at Naples, wood that was 
collected at random from the sea, in- 
cluding pieces with and without Lim- 
noria burrows, samples that appear to be 
relatively fresh, some that are water- 
soaked from long submergence, and 
others that are soft, spongy, and exten- 
sively deteriorated. We have also, again 
in both locations, placed blocks of fresh, 
fungus-free Douglas fir and western yel- 
low pine into the sea at intervals so that 
they could be studied after known peri- 
ods of submergence (up to 8 months at 
Friday Harbor; up to 5 months in the 
Bay of Naples). The procedure has been 
to make microscopic examination of thin 


freehand sections cut from the wood im- 
mediately upon its removal from the 
natural environment. Sections are cut 
parallel to the surface, tangential to the 
surface, and wherever possible, along the 
length of Limnoria burrows. In contrast 
to the authors of the previous reports, 
we do not find that marine fungi are 
universal inhabitants of submerged or 
floating wood; on the other hand, bac- 
teria, some of which are undoubtedly 
cellulolytic, are nearly always present in 
the superficial wood fibers. That marine 
fungi do occasionally occur cannot be de- 
nied, but the presence of recognizable 
mycelium in wood freshly removed from 
the sea is uncommon indeed. Further, 
when fungi are present we find no evi- 
dence for a topographical relationship 
with Limnoria burrows. No significant 
differences could be seen between the 
cold temperate environment of the North 
Pacific and the warm subtropical condi- 
tions of the Mediterranean. It is our 
opinion that when a marine fungus does 
invade wood its presence is fortuitous so 
far as any relationship with Limnoria is 
concerned, and that these fungi have no 
significance for the activities of Limnoria. 

Laboratory cultures of Limnoria, set 
up for breeding experiments, have been 
kept for 10 months in the sea-water sys- 
tem at Friday Harbor and show only 
four cases of fungal infestation out of 
50 cultures of animals living in Douglas 
fir and western yellow pine. In an effort 
to obtain fungi in laboratory cultures, 10 
Kolle flasks containing sterile sea water 
and autoclaved wood were each inocu- 
lated with 25 specimens of Limnoria, and 
to half of these a solution of penicillin- 
streptomycin was added. In the latter, 
bacteria have been suppressed, fungi 
have grown, and very few Limnoria have 
survived; in the controls there is no evi- 
dence of fungal infection, and the ani- 
mals are healthy and vigorous and have 
established growing populations. These 
cultures have been maintained for 8 
months. 

The idea (observation ii) that Lim- 
noria will not attack wood until its sur- 
face has been “conditioned” is based 
upon field observations (/-3) that there 
is a lag of some days, weeks, or even 
months between the time that wood is 
placed in the sea and the time when 
wood borers begin their invasion. During 
this interval microorganisms, especially 
bacteria, do indeed appear in the super- 
ficial wood fibers and may begin to de- 
teriorate them; this is apparently what 
is meant by “conditioning.” But these 
facts do not establish that Limnoria is 
unable to attack fresh wood or that such 
surface softening enhances the likeli- 
hood of Limnoria attack. It is not an un- 
expected finding that, in the natural en- 
vironment, time should elapse before 
wood borers appear, since these animals 
are not constantly present, swimming 
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freely in the sea water and in a position 
to exploit a new food supply. Whether 
attack on fresh wood is possible can be 
tested under controlled laboratory con- 
ditions. Accordingly, dry “uncondi- 
tioned” blocks of lumber, including Doug- 
las fir, elm, hemlock, redwood, western 
red cedar, and western yellow pine, were 
exposed to healthy Limnoria. Each of 
these wood species was attacked within 
24 hours at Friday Harbor, and within 
2 to 3 hours at Naples. If “conditioned” 
wood is unnecessary in laboratory cul- 
tures, it is unlikely to be essential in the 
sea. 

Finally, with reference to observation 
(iii), it was reported that Limnoria is 
unable to attack sterilized wood (3) and 
that animals living in sterilized wood 
survive no longer than controls kept with- 
out a food source (2). We find that 
healthy animals are quite capable of at- 
tacking and living in wood sterilized by 
autoclaving. In these tests the same six 
species of wood were used and the ani- 
mals attacked them all within the same 
period of time (24 hours at Friday Har- 
bor; about 2 hours at Naples). In all of 
these cases, growing populations were es- 
tablished in the absence of marine fungi 
(7). 

D. L. Ray 
D. E. Stuntz 
Departments of Zoology and Botany, 
University of Washington, Seattle 
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Zinc-65 in Foods and People 


Abstract. Disposal of trace amounts of 
Zn is made in the Columbia River via 
Hanford reactor effluent water. The sub- 
sequent utilization of river water for irri- 
gation permits the concentration of this 
radioisotope in farm produce and _ its 
eventual deposition in man. The Zn® in 
irrigation water, in farm produce, and in 
individuals utilizing these materials has 
been measured. 


Water from the Columbia River is 
used as a coolant for the Hanford reac- 
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vidual containing Zn®. 


tors. The subsequent disposal of this 
water in the river introduces trace 
amounts of several induced radioisotopes, 
most of which have half-lives of the order 
of minutes to a few hours; however, the 
half-lives of some of these isotopes are 
sufficiently long to permit tracing the dis- 
tribution of the isotopes into the food 
chains of the aquatic life in the river (1). 
Zinc-65 is the major long-lived radioiso- 
tope introduced into the river, and al- 
though it is present at a concentration 
far below the most conservative permis- 
sible limits, it exists in sufficient amounts 
to serve as a tracer; it is thus possible to 
follow its path from irrigation water 
through plants and animals to man. 
Only a small fraction of the Columbia 
River water used for irrigation is ob- 
tained downstream from the Hanford 
project. The farm-produce and animal 
samples considered here were obtained 
from an irrigation project about 30 miles 
downstream from the Hanford reactors. 
By means of gamma-ray spectrometric 
techniques, measurable amounts of Zn*5 
were found in all the farm produce sam- 
pled from this location. The Zn®> con- 
centrations found in milk, beef, and the 
various types of vegetables from this land 
are shown in Table 1. The concentration 
factor (Zn®* concentration in the sam- 
ple/Zn® concentration in the irrigation 
water) for each sample is also included. 
With the exception of the beef, all of 
these samples were obtained during July 
and August 1957. The beef was obtained 
from an animal slaughtered in January 
1957 after it had lived 1 year on the ir- 
rigation project. The fact that the pas- 
ture grass contained a relatively high 
Zn® concentration as compared with the 
vegetables is probably related to both the 
manner and amount of irrigation as well 
as to the fact that some difference in up- 
take between the leaf and fruit portion 
of plants would be expected. The pas- 





ture grass was irrigated almost continu- 
ously, while the vegetables were irrigated 
only a few times during their growing 
season. In addition, the Zn®> may enter 
the grass by foliate absorption during ir- 
rigation as well as through the soil. 

The relatively high Zn®> concentra- 
tion in milk as compared with that in the 
pasture grass indicated that a large 
amount of Zn® is taken from the feed 
into the blood stream of the cow and 
translocated into the milk. The low Zn‘v 
concentration found in the beef samples 
(Table 1) may be explained by the fact 
that the animal was slaughtered in late 
winter and had been fed on essentially 
Zn®*-free foodstuffs for 3 to 4 months 
prior to that time. Measurements of Zn® 
in the same milk supply during January 
and February of 1958 showed about 10 
percent of the value listed in Table 1. 
This again can be explained by the ani- 
mals’ relatively Zn®>-free diet during the 
winter months. 

A second animal which had spent its 
entire life in the same location was 
slaughtered in March of 1958 and was 











Table 1. Concentrations of Zn® in farm 
produce. 
Concentra- 
Concentra- |. 
: tion factor 
Sample tion (produce/ 
(uyc/g) wale) 
Pasture grass 82.9 440 
Beef, flesh 5.23 28 
Beef, fat 1.48 7.9 
Beef, bone 5.80 31 
Milk (cow) 4.88 26 
Black-eyed peas 0.55 2.9 
Tomatoes 0.46 2.4 
Okra 0.39 2.4 
String beans 0.29 1.5 
Corn 0.16 0.83 
Grapes 0.089 0.47 
Irrigation water 0.188 





Table 2. Concentrations of Zn® observed 
in the various organs of a beef animal. 








Concentration 
compe (wuc/g) 
Flesh 10.7 
Fat 2.22 
Bone 13.4 
Ovaries 4.07 
Hide 3.91 
Kidney 5.98 
Lung dll 
Brain 2.74 
Pancreas Tat 
Blood 0.86 
Hair 28.6 
Thymus 3.79 
Liver 6 
Horn 3.59 
Hoof 2.59 
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subjected to a much more extensive Zn®® 
analysis. The Zn®* concentrations found 
in the various organs of this animal are 
listed in Table 2. It may be noted that 
the Zn®®> concentration in the flesh, fat, 
and bone samples are about twice those 
observed in the samples of the previous 
year (see Table 1). It is also apparent 
that hair, liver, and bone concentrate 
zine to 2 greater extent than the other 
organ. 

The observation of these Zn® concen- 
trations in farm-produce samples sug- 
ges.cd the possibility that Zn®> could be 
measured in individuals obtaining their 
food supply from these irrigation proj- 
ects. For the measurement of Zn®* in 
people, a 3- by 5-in. sodium iodide crys- 
tal detector operated in a shielded room 
similar to the installation developed at 
Argonne National Laboratory (2) was 
used. The gamma-ray spectrum of an in- 
dividual who consumed approximately 
0.1 and 0.7 kg, respectively, of the meat 
and milk per day from the sources listed 


‘in Table 1 is shown in Fig. 1. This Zn®5 


photopeak area represents about 3.6 x 
10-2 pe or 80,000 disintegration/min. 

Twelve other individuals were meas- 
ured whose diet did not include food 
from the irrigation project but did in 
some cases include drinking water whose 
source was the Columbia River. The 
gamma-ray spectra of most of the indi- 
viduals whose drinking water originated 
in the Columbia River show a small Zn®® 
photopeak. The Zn® content of these in- 
dividuals was estimated to be between 
5000 and 10,000 disintegration/min. The 
gamma spectra of individuals who re- 
ceive neither their water nor their food 
supply from the Columbia River or its 
irrigation projects showed no detectable 
Zn®> photopeaks. The Zn® found in all 
samples of foods, in fodder, or in indi- 
viduals could be traced either to Colum- 
bia River drinking water or to food from 
the lower irrigation projects. It is be- 
lieved that, with a sensitive total-body 
counting device of the Argonne National 
Laboratory type (2) Zn®5 could be meas- 
ured in most individuals who receive 
their drinking water from the Columbia 
River downstream from Hanford, pro- 
vided that some purification step in the 
local water treatment does not remove 
the isotope. 

Zinc-65 has been reported (3) in indi- 
viduals living near the Pacific Proving 
Grounds and was shown to be a result 
of contamination from nuclear tests; 
however, Zn®5 from nuclear tests has not 
been observed in foods raised in this 
country. The presence of Zn® in the 
amounts observed here in no way con- 
stitutes a hazard. Even the value of 
3.6 x 10-2 we of Zn® in the individual 
whose diet included the meat, milk, and 
drinking water of Table 1, is less than 
0.01 percent of the total permissible body 
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burden for this isotope (4). Also, even 
the highest Zn® value in Table 1 (for 
pasture grass) is less than 5 percent of 
the maximum permissible concentration 
for human foods (4). 

Smaller amounts of the radioisotopes 
Cr51 and Sc*6 have been detected in sam- 
ples of pasture grass but have not been 
found in farm produce. 

R. W. Perkins 
J. M. Nietsen 
Hanford Laboratories Operation, 
General Electric Company, 
Richland, Washington 
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Studies on 4-Keto-L-Proline 


Abstract. The administration of keto- 
proline to chick embryos resulted in an 
increase in the free hydroxyproline. This 
phenomenon is explained by the inhibitory 
action of ketoproline on the catabolism of 
hydroxyproline as well as by the conver- 
sion of the former to the latter. Ketopro- 
line was found to be reduced to hydroxy- 
proline by the supernatant fraction of 
rat-kidney homogenate in the presence of 
a reduced pyridine nucleotide. 


Since hydroxyproline occurs uniquely 
in collagen in the animal, studies on the 
biogenesis and metabolism of this com- 
pound have a great significance in the 
understanding of the biochemistry of col- 
lagenous tissues. In the course of a sur- 
vey of compounds structurally related to 
hydroxyproline for their ability to affect 
the metabolism of this imino acid, the 
administration of 4-keto-L-proline (J) to 
chick embryos was found to produce an 
increase in free hydroxyproline. 

For these studies 5 mg of free 4-keto- 
L-proline in 0.2 ml of water was placed 
in the air space of a 12-day-old chick 
embryo through an opening in the shell. 
After 24 hours an 80-percent ethanol ex- 
tract was prepared from the whole em- 
bryo and hydroxyproline was assayed 
colorimetrically by a modification (2) 
of the method of Neuman and Logan 
(3). The results are shown in Table 1. 
It can be seen that ketoproline caused a 
five- to sixfold increase in free hydroxy- 
proline without affecting the proline 
level. Similarly, when 15 mg of ketopro- 
line was administered subcutaneously to 
rats (200 to 250 g), a prolonged eleva- 
tion of the blood hydroxyproline level 
was observed, an increase from 0.55 to 
1.0 mg per 100 ml being maintained for 


a period of several hours. Although ad- 
ministration of 5 mg of hydroxyproline 
produced a comparable increase, this 
lasted for less than 2 hours. The mecha- 
nism by which ketoproline produces the 
increase in free hydroxyproline in vivo 
was found to be twofold: (i) inhibition 
of hydroxyproline destruction and (ii) 
conversion of ketoproline to hydroxypro- 
line. 

A strain of Achromobacter grown on 
hydroxyproline as the sole source of 
carbon metabolized hydroxyproline ex- 
tensively. However, when _ increasing 
amounts of ketoproline were added to 
the incubation mixture, destruction of 
hydroxyproline was diminished (Table 
2). Proline was also found to antagonize 
the metabolism of hydroxyproline under 
similar conditions. However, the me- 
tabolism of proline by proline-adapted 
Achromobacter was not appreciably af- 
fected by ketoproline. Similar observa- 
tions were made when mammalian liver 
or kidney mitochondria were used in 
place of the bacteria. Neither the bac- 
teria nor the mitochondria were able to 
convert ketoproline to hydroxyproline in 
any detectable amounts. 

When ketoproline was incubated with 
a well-dialyzed soluble fraction of rat- 
kidney homogenate, it was reduced to 


Table 1. Effect of ketoproline on free pro- 
line and hydroxyproline levels in chick 
embryos. Twelve-day-old embryos _re- 
ceived either 0.2 ml of saline or 5 mg of 
ketoproline in 0.2 ml of water. After 24 
hours, 80-percent ethanol extracts of the 
embryos were assayed for hydroxyproline 
(3) and proline (6). 


Free 
Wet Free Tree hydroxy- 
Treatment wt. of hydroxy-  pro- proline 
embryo proline line proline 
(g) (ug) (ug) free 
Control 
(av. of 6) Sud 112.1 206.2 1.84 
Ketoproline 
administered 
(av. of 4) 6.3 627.2 218.7 0.35 


Table 2. Effect of increasing concentra- 
tions of ketoproline on hydroxyproline 
metabolism by Achromobacter. One milli- 
gram of hydroxyproline was incubated for 
30 minutes with 9.4 mg (dry weight) of 











hydroxyproline-adapted Achromobacter 
(7): 

Keto- Hydroxy- Inhibi- 
proline/ proline ti 
hydroxy- remaining ae 

ile ( ©) 

proline (ug) 

0 97 

1 340 29 

2 420 36 

5 585 54 

+ 690 66 

5 780 76 











Table 3. Enzymatic reduction of ketopro- 
line to hydroxyproline. One milliliter of 
dialyzed supernatant fraction from a 1:2 
KCl homogenate of rat kidney was used. 
All of the incubation beakers contained 
0.5 ml of 0.5M phosphate buffer, pH 7.4; 
1 mg of ketoproline; 5 umole of nicotina- 
mide, and 1 ml of rat-kidney preparation 
in a final volume of 3 ml. Where indi- 
cated, 0.5 umole of DPN, 0.26 umole of 
TPN, 200 umole of glucose, and 250 units 
of glucose dehydrogenase were added. 
After 1.5 hours of incubation, hydroxy- 
proline was assayed by a modification of 
the Wiss method (2, 8). 








Hydroxy- 
System proline 
(ug) 
DPN + glucose dehydrog- 
enase system 42.7 
TPN + glucose dehydrog- 
enase system 52.5 
DPN or TPN without glu- 
cose dehydrogenase K82 





hydroxyproline. This reaction was found 
to require the presence of reduced pyri- 
dine nucleotides, either as such or gen- 
erated in the incubation mixture by the 
glucose dehydrogenase system (4), as 
shown in Table 3. Reduced TPN (5) 
was found to be more active than re- 
duced DPN. The rat-kidney preparation 
could not be replaced by purified com- 
mercial alcohol or lactic dehydrogenases. 
Neither reduced DPN nor reduced TPN 
was effective in the absence of the rat- 
kidney preparation. 

The inhibitory effect of ketoproline on 
hydroxyproline metabolism is clearly es- 
tablished in these studies. The enzyme 
responsible for the reduction of ketopro- 
line and the physiological significance of 
this reaction are under investigation. 

CxHozo Miroma, Tuomas E. Situ, 
Frances M. DaCosta, 
SIDNEY UDENFRIEND 
National Heart Institute, 
National Institutes of Health, 
Bethesda, Maryland 
ARTHUR A, PATCHETT, 
BERNHARD WITKOP 
National Institute of Arthritis 
and Metabolic Diseases, 
National Institutes of Health, 
Bethesda, Maryland 
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Direct Observation of 
Evaporation from 
Quiescent Water 


Abstract. The color change of a filter 
paper impregnated with cobaltous chloride 
and held just above the surface of water 
gives a good indication of the rate at which 
evaporation proceeds from individual re- 
gions of the surface. The marked effect of 
some monolayers on thermal convection 
currents within the liquid can be thus 
shown. 


The usual technique of measuring the 
rate of evaporation of water from a qui- 
escent surface and the effect of mono- 
layers upon this is rather elaborate (1) 
yet does not provide any information 
about local conditions over small por- 
tions of the area studied. This report (2) 
presents a few observations based on a 
simple technique which gives qualitative 
but very direct visual information about 
the rate of evaporation and shows what 
happens over areas of the order of a few 
square millimeters. The technique is 
based on the color change produced by 
the vapor reaching a sheet of paper im- 
pregnated with cobaltous chloride and 
held very close to the surface. 

Figure 1 shows the pattern—which was 
actually pink on blue—obtained when 
the indicator paper was placed above 
a square cell, 2 by 2 cm, filled with water 
whose surface was divided into two parts 
by a polyethylene barrier. To the left of 
the barrier the surface was clean, while 
some cetyl alcohol was sprinkled over 
the surface to the right of the barrier. In 
the photograph, taken 2 minutes after 
the paper was placed above the surface, 
the difference in the rates of evaporation 
from the two sides is strikingly apparent. 
Over the clean surface the paper is al- 
ready pink, while over the monolayer it 
is still largely blue. In addition, the color 
change over the clean surface is uniform 
(it developed uniformly from the begin- 
ning), while over the protected part the 
change appears in spots, which gradually 
spread over the whole area. 

Similar irregular development of the 
color, signifying uneven rate of evapora- 
tion in the presence of the monolayer, 
was observed with a variety of vessels. It 
is attributed to the presence of relatively 
large convection currents which rise 
warm, cause relatively rapid evaporation, 
and are thus cooled so that the rate of 
evaporation is reduced while they con- 
tinue along the surface for a distance 
before finally sinking. On a clean surface 
the convection pattern is different, and 
local differences are much smaller. This 
interpretation is supported by observa- 
tion of convection currents made visible 
by very slow injection of a very dilute 
solution of fluorescein into the surface. 
The convection currents, while irregular, 
seem to be more extended in the presence 
of the monolayer, and their general pat- 
tern corresponds to that of the spots on 





the indicator paper. Changes in the ther- 
mal resistance of the water, reported pre- 
viously (3), are also in agreement with 
this observation. 

This change in convection currents is 
connected with the well-known hysteretic 
resistance of a monolayer against exten- 
sions and contraction (4). When a cooled 
streamline of water detaches itself from 
the surface and sinks under the influence 
of gravity, the corresponding surface 
must shrink. Conversely, when a rising 
warm streamline reaches the surface it 
causes, necessarily, a local expansion of 
the surface. When the surface is clean, 
such expansions and contractions en- 
counter no resistance, but when a mono- 
layer is present they are impeded, and 
convection at the surface develops only 
over greater distances and when larger 
forces are present. The heat transport to 
the surface from the bulk of the water is 
thus necessarily affected and localized. 

In the experiments under discussion 
(5), the filter paper was firmly attached 
to a glass plate, both to insure an even 
surface and to prevent access of vapor 
from the back. The plate was first cov- 
ered with a thin layer of “rubber cement 
for pasting paper,” and the filter paper 
was firmly pressed onto it. The whole 
was then submerged in a moderately con- 
centrated solution of CoCl, (prepared 
without heating), excess liquid was 
pressed out between filter papers, and the 
assembly was dried in a vacuum desic- 
cator. The rims of the vessels had to be 
coated with paraffin to prevent creeping 
of the water. After the rim had been ad- 
justed to the horizontal, the vessel was 
filled with water to within about 1 mm 
of the top. The water surface was pro- 
tected, when protection was desired, by 
manual sprinkling of a few specks of com- 
mercial cetyl alcohol upon it. A wait of 
a few minutes allowed the convection 
currents to develop and stabilize. The 
glass-backed indicator paper was then 





Fig. 1. The local pattern of evaporation 
from a water surface 2 cm square; the left 
side is clean, the right side is protected by 
cetyl alcohol. This photograph of cobalt- 
ous chloride indicator paper was taken 2 
minutes after the paper was placed above 
the water surface. 
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placed on the rim and observed. A photo- 
graphic record could be obtained on 
color film or on panchromatic film; a 
very deep red filter was used with the 
latter. 

For visualization of convection cur- 
rents, a solution of fluorescein sufficiently 
dilute (about 50 mg/lit.) to make any 
density difference negligible was injected 
from a mechanized syringe at a rate slow 
enough (about 10-° ml per 3 minutes) 
to reduce any disturbance of the natural 
convection to a minimum. The path of 
the dye was observed with side illumina- 
tion against a black background. 

Karot J. Mysets 
Department of Chemistry, 
University of Southern California, 
Los Angeles, California 
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Cotton-Flower Visitation and 
Pollen Distribution by 
Honey Bees 


Abstract. A rapid method of estimating 
the pollinating efficiency of honey bees in 
cotton is described. A prevailing average 
of 10 honey bees in each 100 flowers was 
found to be sufficient to cause practically 
all the stigmas to become coated with 
pollen. 


The recent discovery by Eaton (J) that 
cotton can be rendered male-sterile by 
spraying with a chemical has opened the 
way to production of hybrid cotton. The 
possible use of pollinating insects in the 
transfer of pollen to these male-sterile 
plants has aroused interest in the activity 
of honey bees (Apis mellifera L.) in the 
cotton flower. In normal flowers not vis- 
ited by pollinating insects the part of the 
stigma not in contact with the anthers 
is usually free of pollen. When there is 
extensive honey-bee visitation the stigma 
becomes well coated with pollen. 

In 1955 and 1956 experiments were 
conducted at Sahuarita, Ariz., to deter- 
mine the number of honey-bee visitors 
to normal cotton flowers in relation to 
distribution of pollen over the stigma. 
In 1955 the test field contained about 
40 acres of Pima cotton (Gossypium 
barbadense), primarily the variety Pima 
S-1, There was no other cotton within 
a mile, but flowering desert plants were 
abundant during the cotton-flowering 
period. More than 200 colonies of honey 
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bees were placed on the borders of this 
field, but because of the competition by 
the desert flora, the rate of five colonies 
per acre of cotton is misleading. In 1956 
the field contained almost 80 acres of 
Pima cotton, and again slightly more 
than 200 colonies were supplied, but 
there was less competition by desert 
flora. 

In both seasons at weekly intervals 
throughout the flowering periods counts 
were made, between 10 a.m. and noon, of 
(i) the number of Pima S-1 flowers in 
designated plots throughout the field; 
(ii) the number of bees seen in them as 
the observer walked along the row; and 
(iii) the number of stigmas, viewed 
under x 3 magnification, which appeared 
well coated with pollen above the an- 
thers. The Pima S-1 flower is well suited 
for this observation, as its stigma may 
extend as much as 20 mm above the up- 
permost anther. The presence of pollen 
on this area is usually evidence that in- 
sects have been in the flower. These 
counts are summarized in Table 1. 

They show that in both years there 
was a high correlation between honey 
bees observed in the flowers and pollen- 
coated stigmas. Ordinarily honey bees 
show preference for extrafloral nectar of 
cotton over nectar from within the 
flower, but when enough bees are pres- 
ent, both kinds are collected. The bees 
seldom collect cotton pollen for stor- 
age within the hive. Whether pollen ob- 
served on the stigma was from the same 
flower or from other flowers was not de- 
termined. However, honey bees usually 
emerged from cotton flowers thoroughly 
dusted with pollen and often entered the 
next flower without cleansing themselves. 
The coated stigmas, therefore, would be 
indicative of exposure to cross-pollina- 
tion, and the correlation between honey 
bees and coated stigmas would indicate 
effectiveness in relation to floral visita- 
tion. 

There was no significant correlation 
between the small number of wild bees 
seen in these flowers and stigma cover- 
age, but the highest wild-bee count ob- 
tained was only 1.3 per 100 flowers early 
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Fig. 1. Relationship between the number 
of honey bees in 100 flowers of Pima S-1 
cotton and the number of stigmas of the 
flowers coated with pollen during the 
flowering seasons of 1955 and 1956 at 
Sahuarita, Ariz. 


Table 1. Weekly counts of flowers of Pima 
S-1 cotton, bee visitors, and pollen-coated 
stigmas in Sahuarita, Ariz., 1955 and 1956. 





Bees/100 Coated 





Flow- ; 

ers/ flowers stig- 
bee 00 eee = 
ftof Honey Wild fow- 

row =—sobees’ «scbees*® = ass 

1955 
11-16/7 36 0.1 25.5 
18-23/7 65 4.2 63.6 
25-30/7 37 6.3 86.3 
1-6/8 66 2.5 43.1 
8-13/8 64 1.0 39.4 
15-20/8 78 0.6 16.9 
22-27/8 63 0 27.9 
29/8-3/9 49 1.8 46.1 
1956 

25-30/6 8 oF 13 Ge 
yal i | 16 166 10 S53 
9-14/7 28 16.9 0.3 96.4 
16-21/7 44 44 03 69.6 
30/7-3/8¢ 108 “ '< 28.1 
6-11/8 71 i Be 0.1 41.1 
13-18/8 74 19 )6=|. 02. SS 
20-25/8 123 53°" @2 ~Sa4 
27-31/8 89 8.2 03 85.8 





* No counts were made in 1955. 
+ No data were collected for the week of 23—28 
July. 


in the season, when only eight flowers 
were present per 100 feet of row. 

Figure 1 shows the relationship be- 
tween floral honey-bee visitors and stig- 
mas coated with pollen. It shows that 
with increased numbers of floral visitors 
there was repetition of visits to indi- 
vidual flowers, so that increase in the 
number of bees to more than about 10 
per 100 flowers did not increase their 
effectiveness. When less than this num- 
ber visited the flowers not all stigmas 
became well coated. 

In calculating the curve, the relation- 
ship Y = 24.62+ 11.25 X-.416 X? (r= 
.977) was found to be superior to the 
straight-line function Y = 36.33 +4.37 X 
(r=.888), where Y is the predicted 
number of coated stigmas per 100 flow- 
ers and X is the number of bees per 100 
flowers, by testing in an analysis of vari- 
ance the additional reduction of devia- 
tion from regression due to fitting a 
curve (2). 

The same method could be used to de- 
termine the population and value of wild 
bees in other areas. The number of such 
bees necessary to achieve the desired 
stigma coverage would probably vary 
with the species. 

Bees did not show equal attention to 
all flowers. Occasionally a Pima S-1l 
flower failed to open perfectly or was 
not favorably exposed to pollinating in- 
sects. This may be another reason why 
stigma coverage failed to increase in 
direct ratio to bee-population increase. 
As all flowers were examined, the maxi- 
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mum activity of honey bees was seldom 
shown. 

The number of colonies per acre neces- 
sary to maintain the desired floral visi- 
tation is not known and will doubtless 
vary according to the acres of cotton in- 
volved and the competition by other 
plants for the bees’ attention. Ten colo- 
nies per acre may not be enough for 
small fields surrounded by competing 
plants, whereas one colony per acre may 
be sufficient in fields of several hundred 
acres. The extent of floral visitation by 
the bees is a good indicator of the num- 
ber of colonies required (3). 

S. E. McGrecor 
Entomology Research Division, 
Agricultural Research Service, 
U.S. Department of Agriculture, 
Tucson, Arizona 
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Phospholipase-Induced Release 
of Cytochrome ¢ from the 
Electron Transport Particle 


Abstract. Digestion of the electron trans- 
port particle with phospholipase A results 
in the loss of its oxidative capacity. Evi- 
dence presented indicates that this is pri- 
marily due to the cleavage of the phos- 
pholipid-cytochrome ¢ complex within the 
mitochondria. 


In recent years there has been consid- 
erable discussion of the discrepancy be- 
tween the activities of exogenous (free) 
and endogenous (bound) cytochrome c 
(1-4). It has been shown in this (5) and 
other (2, 4) laboratories that bound cyto- 
chrome c is only in small part extract- 
able with salt solutions from particles 
derived from heart mitochondria. Thus, 
the bound cytochrome c of the electron 
transport particle is not extractable at 
all by 0.1M phosphate buffer, pH 7.4 
(6), although the existence of a hemo- 
protein with an a band at 550 mp can 
be confirmed by low-temperature spec- 
troscopy (7). After the electron transport 
particle has been exposed to deoxycho- 
late, an extract can be obtained which 
contains a hemoprotein with the « band 
characteristic of cytochrome c. When this 
extract is thoroughly dialyzed to remove 
bile salts, the hemoprotein precipitates 
out of solution and the precipitate can be 
redissolved only in deoxycholate solution. 
In an analogous fashion an insoluble 
hemoprotein with the spectral character- 
istics of cytochrome ¢ can be extracted 
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from the electron transport particle after 
treatment with isooctane. This particu- 
late hemoprotein can also be dissolved in 
deoxycholate solutions (6). 

We now find that cytochrome c is also 
extractable from the electron transport 
particle when the latter is exposed to the 
action of phospholipase A in the pres- 
ence of calcium ions, but in this instance 
the hemoprotein is in the soluble, clas- 
sical form. The hemoprotein is taken up 
on an IRC-50 column and eluted, under 
conditions described by Margoliash (8), 
for cytochrome c, and the spectral char- 
acteristics of the column-purified hemo- 
protein are indistinguishable from those 
of authentic cytochrome c. 

The particulate forms of the hemopro- 
tein obtained by deoxycholate and iso- 
octane treatment of the electron trans- 
port particle are also converted to the 
soluble form of cytochrome c by the ac- 
tion of phospholipase A. 

When bound lipid cytochrome c is re- 
leased from the electron transport par- 
ticle by deoxycholate or isooctane, a 
requirement for cytochrome c in the oxi- 
dation of both reduced diphosphopyri- 
dine nucleotide (DPNH) and succinate 
by molecular oxygen emerges (3, 6). The 
same relationship has now been observed 
for the phospholipase-treated electron 
transport particle. Coincident with the 
release of cytochrome c, the succinic and 
DPNH activities of the electron trans- 
port particle decline, and these activities 
are in part restored by the addition of 
externally derived cytochrome c. There 
are significant differences, however, in 
the respective decay curves for DPNH 
and succinic activity. The former activity 
is lost almost immediately in the phos- 





pholipase-treated electron transport par- 
ticle, whereas the latter activity declines 
more gradually (see Table 1) and 
reaches a maximum coincident with the 
maximal release of bound cytochrome c. 
Furthermore, restoration of DPNH oxi- 
dase activity by addition of cytochrome 
c is not as complete as the restoration of 
succinoxidase activity. A similar pattern 
of decline and restoration of the two ac- 
tivities has also been observed with the 
isooctane-treated electron transport par- 
ticle. These observations suggest (i) that 
phospholipase may release components 
other than bound cytochrome ¢ which 
are required in the DPNH oxidase chain 
exclusively; (ii) that more than one form 
of bound cytochrome c is present in the 
electron transport particle; or (iii) that 
the bound cytochrome c¢ of the succinic 
and DPNH chains may be different. 

As Edwards and Ball (9) have shown, 
the addition of fatty acids such as oleate, 
which would be released by phospholi- 
pase action, to the mitochondrial elec- 
tron transport system causes inhibition of 
succinoxidase. We find that the addition 
of beef heart mitochondrial phospholipid 
or of beef serum albumin will completely 
reverse the inhibition of both succinic 
and DPNH oxidase activities caused by 
the addition of fatty acids to the un- 
treated electron transport particle. Cyto- 
chrome c, however, does not help reverse 
this inhibition. After long-term digestion 
of the electron transport particle with 
phospholipase, addition of beef serum 
albumin or phospholipid along with cy- 
tochrome c becomes necessary for the 
maximum restoration of oxidase activi- 
ties. This phospholipid or beef serum 
albumin requirement can thus be related 


Table 1. Effect of phospholipase treatment on DPNH and succinate oxidation by the 
electron transport particle. PL, phospholipid, Cyt. c, cytochrome c. 





Succinic oxidaset 


Phos- (umole/min x mg) 
pholipase* mre 
treatment 
(min) + Cyt. ¢ 
+ PL + Cyt. c + PL 
0 1.24 1.2 1.2 
7 
15 0.8 0.9 0.9 
60 0.4 1.0 0.9 
120 0.1 0.4 0.7 
120 (control) I 1.2 14 








Cyto- 
DPNH oxidaset chrome 
(umole/min x mg) ct 
= released 
(umole x 
+Cyt.c  10°°/mg 
+ PL + Cyt. c at be f of pro- 
tein) 
1.8 1.9 2.0 
0.6 1.1 &. 0.04 
0.1 0.3 0.4 0.08 
0.0 0.0 0.1 0.12 
0.0 0.0 0.0 0.15 
1.6 1.7 1.8 0.02 





* Each tube contained 60 mg of electron transport particle protein; 3 x 10-4M potassium phosphate buffer 
at pH 7.4, 5 x 10-5M calcium chloride, and 0.5 mg of venom in a total volume of 5 ml. The tubes were 
incubated in a water bath at 38°C. The control was incubated under the same conditions, without venom. 
At the indicated intervals of time, the mixtures were chilled to 0°C, mixed with cold sucrose containing 
5 x 10°5M Versene, and immediately centrifuged at 40,000 rev/min for 30 min. to separate the particles. 
The enzyme was further washed with cold sucrose and used for activity determination. The phospholipase 
A used in these experiments was purified from Crotalus adamanteus venom by heat treatment (9). Similar 


results are obtained by using untreated venom. 


+ The assay procedure was the same as that described previously (6): 50 ug of beef heart mitochondrial 
phospholipid (PL) and 1.0 mg of cytochrome ¢ were used in the succinoxidase assay, whereas 5 pg of PL 
and 0.1 mg of cytochrome c were used in DPNH oxidase as a supplement. 

t Cytochrome c was assayed spectrophotometrically by following the change in absorbance at 550 mp with 
dithionite on the supernatant from the incubated mixtures; it was also assayed after adsorption on and 


elution from the IRC-50 column. 
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to the inhibition caused by fatty acids 
released during digestion. The effect of 
phospholipase A on the oxidase activities 
of the electron transport particle and the 
release of cytochrome c from the par- 
ticle are shown in Table 1. 

These results (10) provide evidence 
that cytochrome c exists in the electron 
transport particle as a phospholipid-cyto- 
chrome c complex similar to insoluble 
complexes of cytochrome ¢ which have 
previously been described (6). 

KisHoreE S. AMBE* 
FReperIcK L. CRANE 
Institute for Enzyme Research, 
University of Wisconsin, Madison 
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Multiple pH Levels 


in Chromatograms 


Abstract. Lines of buffer solutions drawn 
longitudinally on chromatograms with a 
capillary pipette provide different levels of 
pH which affect the Rf values, color, 
fluorescence, and other properties of the 
chromatographed substances. 


In chromatographic studies of the de- 
composition products of indole deriva- 
tives (1) we have observed the influence 
of pH and of the nature of buffer solu- 
tions on the following properties of the 
chromatographed substances: (i) Ry, val- 
ues; (ii) color, fluorescence, and absorp- 
tion of short-wave ultraviolet light; (iii) 
changes in color, fluorescence, and ab- 
sorption which result from exposure of 
the chromatograms to ultraviolet radia- 
tion: and (iv) color reactions with sev- 
eral reagents. 

Most of those effects can be conveni- 
ently observed in a single chromatogram 
prepared as follows: On a 7- by 15-cm 
sheet of Whatman No. 1 filter paper, 
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four parallel, lengthwise lines are drawn 
with a straightedge and a capillary pi- 
pette filled with buffer solutions at con- 
venient pH values, After the lines have 
dried, the solution to be chromato- 
graphed is applied with a pipette, cross- 
wise to the strips of buffer solution, in 
a band 5 mm wide, over the whole width 
of the sheet. 

Figure 1 shows a chromatogram, pre- 
pared according to this method, of a 
10°°M aqueous solution of indole-3- 
acetic acid, decomposed by ultraviolet 
radiation. Citric acid (0.14)-disodium 
phosphate (0.2M). buffer solutions at pH 
3, 5, 7, and 8 were applied along the in- 
dicated vertical lines. Ascending chro- 
matography with acetone and water 
(8/2) was used. The outline of the 
fluorescent zones of the completed chro- 
matogram is shown. Except for zones IV 
and VI, which were not affected by the 
buffer strips and which are presumably 
nonionizable substances, all the zones 
have more or less wavy outlines. Zones 
IV, V, and VI overlap, and zone V is 
visible as an increase of the fluorescence 
of zones IV and VI, according to a wavy 
pattern. 

An example of the graphic analysis to 
which the zones may be submitted is 
shown for zone II. Closed circles mark 
the middle of the zone at the level of the 
buffer strips and crosses that at the in- 
terval between strips. At low pH levels 
the substance is in the undissociated 
form if it is an acid and in the cation 
form if it is a base. Its Ry value for zone II 
at the pH 3 level is approximately 0.1, 
and the R; value of the crosses is, on the 
average, only slightly greater. In between 
the buffer strips the substance is there- 
fore in the same form as it is at the pH 
3 level (2). 

At high pH levels the substance is in 
the undissociated form if it is a base and 
in the anion form if it is an acid. At the 
pH 5, 7, and 8 levels, zone II has an R, 
value in the neighborhood of 0.28, which 
may be taken as that of the base or 
anion. It is seen that the anion (or base) 
is more soluble in the solvent than the 
acid (or cation) of the substance of zone 
II. Traces of acidic or basic vapors in the 
chromatographic tank may shift the R, 
value in between strips from the undisso- 
ciated to the ionic R; value or vice-versa. 

Regions of more intense fluorescence 
are represented by heavier hatching. 
They were conspicuous in zones II, III, 
VII, IX, and XI. The dark areas of zone 
X (indoleacetic acid) due to the quench- 
ing of the blue fluorescence of the filter 
paper under short-wave ultraviolet light 
were more clearly visible at the lower 
pH values. 

As a result of exposure of the chro- 
matogram to ultraviolet radiation, the 
outline of zone X, in part overlapping 
zone XI, was made clearly visible, 
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Fig. 1. Chromatogram of decomposition 
products (by ultraviolet radiation) of in- 
dole-3-acetic acid. Ascending chromatog- 
raphy. Acetone and water, 8/2. Citric 
acid-disodium phosphate buffer solutions 
(0.1 M) at pH 3, 5, 7, and 8 were applied 
along the vertical lines before chroma- 
tography. The decomposed solution was 
applied at I. The approximate fluores- 
cence color is indicated by conventional 
hatching. 





thanks to its faint blue fluorescence at 
the lower pH levels and its strong tur- 
quoise green fluorescence at the level of 
the pH 8 strip (3, 4). 
A. A. Brrancourt 

ALEXANDRA P. Nocueira* 
Plant Cancer Research Center, 
Instituto Biolégico, Sao Paulo, Brazil 
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Meetings 


Subcellular Particles 


The 13th annual meeting of the So- 
ciety of General Physiologists was held 
at the Marine Biological Laboratory, 
Woods Hole, Mass., 9-11 June. Contrib- 
uted papers were presented, and the an- 
nual business meeting was held, 9 June. 
A symposium organized by Teru Hayashi 
of Columbia University on the “Function 
of Subcellular Particles” was held 10-11 
June. 

The from its 


society has, birth, 


brought together animal, plant, and mi- 
crobial physiologists to discuss functions 
of cells which are common to all organ- 
isms. This policy has resulted in inter- 
esting and stimulating symposia, often 
revealing relations between different 
fields which had not been appreciated. 
This year’s symposium served to bring 
to the attention of general physiologists 
recent developments in the study of 
functional aspects of subcellular parti- 
cles, particularly the biochemical activi- 
ties of these entities. On the other hand, 
the biochemists had an opportunity to 
become acquainted with the effects of 
surface and structural factors in bio- 
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chemical reactions. Arrangements have 
been made to publish the 1958 sym- 
posium in the monograph series of the 
American Physiological Society. Four 
previous symposia sponsored by the So- 
ciety of General Physiologists have been 
published in’ this series. 

The tone of the symposium was set in 
a critical review by the first speaker, 
A. B. Novikoff (Albert Einstein College 
of Medicine). His comprehensive exami- 
nation of the work of various investiga- 
tors working on the physiology of sub- 
microscopic structures put the problems 
facing workers in this field in sharp 
focus. The next two speakers of the 
initial session dealt with the effects of 
surfaces as structural factors and their 
effect on biochemical reactions. A. D. 
McLaren and K. L. Babcock (University 
of California) presented striking evi- 
dence of localized differences in pH at 
intracellular interfaces and gave exam- 
ples of the effect of such differences on 
biochemical reactions. The nonapplica- 
bility of classical kinetics for these phe- 
nomena was stressed. S. Siegel (Roches- 
ter University) then presented experi- 
mental evidence for the view that 
surfaces per se, depending on their na- 
ture, may act as “catalytic agents” for 
such physicochemical reactions as the 
polymerization of certain substances, 
such as lignin. He showed clearly that 
the formation of lignin in the plant and 
in in vitro systems is dependent on the 
same surface factors. 

In the second session, G. E. Palade 
(Rockefeller Institute), with a series of 
technically brilliant electron micro- 
graphs, illustrated the morphological 
changes of subcellular particles corre- 
lated with the physiological condition 
of the cells. Especially noteworthy were 
the changes in the zymogen granules of 
the pancreas and changes in the endo- 
plasmic reticulum depending on the se- 
cretory activity of the cells. He was fol- 
lowed by E. L. Kuff (National Institutes 
of Health), who presented work on the 
isolation and identification of the Golgi 
apparatus and the biochemical proper- 
ties of this subcellular entity. D. E. 
Green (University of Wisconsin) next 
summarized the work of the Wisconsin 
group on the fragmentation and analysis 
of the mitochondrion. He postulated 
that the mitochondrion is composed of 
subunits which can be separated by me- 
chanical means, each subunit being com- 
posed of enzyme moieties separable only 
by drastic chemical means. Most inter- 
esting was the prominence given to the 
lipoproteins and their possible function, 
especially in the electron transport par- 
ticle. He concluded that the molecular 
parts of the mitochondrion appeared to 
be held in a stable structure, and that 
their reactions did not seem to depend 
on thermal collisions, as in a free solu- 
tion. 

The final paper of this session, by M. 
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Kamen and J. Newton (Brandeis Uni- 
versity), dealt with their investigations 
on photosynthesis phosphorylation in 
bacterial chromatophores. They com- 
pared the activity of their bacterial par- 
ticle system with the particulates from 
green plants and found that, despite the 
anaerobic nature of the bacteria, definite 
similarities existed. A promising immu- 
nochemical technique opening the way 
to a molecular localization of the active 
portions of the particulates was also de- 
scribed. 
Christian DuDuve (Louvain, Bel- 
gium) gave a comprehensive review of 


the concept of the lysosome as an intra- 
cellular particle containing hydrolase 
enzymes. He first outlined the evidence 
for the concept and then the evidence 
pointing to the possible function of lyso- 
somes in the cell in digestion (as related 
to pinocytosis), autolysis, and necrosis. 
DuDuve was followed by Mary Stephen- 
son, who, together with J. Littlefield, L. 
Hecht, R. B. Loftfield, and P. C. Zamec- 
nik (Harvard University), presented a 
summary of the reactions preceding the 
advent of the ribonucleoprotein particle 
in protein synthesis. They envisage a re- 
action which involves, first, the activa- 
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tion of the amino acid by a specific en- 
zyme, requiring adenosinetriphosphate; 
second, a soluble ribonucleic acid which 
incorporates specific nucleotide end 
groupings and which then can bind the 
amino acids. This soluble ribonucleic 
acid can then, presumably, transfer the 
bound amino acids to microsomal ribo- 
nucleic acid and microsomal protein. 

Polynucleotide synthesis, studied in 
situ by high-resolution autoradiographic 
techniques, was presented by J. H. Tay- 
lor and P. Woods (Columbia Univer- 
sity). They demonstrated that tritiated 
cytidine appears first in the nucleolus 
(although with longer incubation periods 
the label appears in the chromosomes 
also). They concluded that polynucleo- 
tide synthesis, presumably ribonucleic 
acid, as indicated by ribonuclease diges- 
tion, takes place in the nucleolus. 

The final paper of the symposium was 
presented by V. Allfrey (Rockefeller In- 
stitute) and dealt with the biochemical 
properties of the isolated nucleus. Activi- 
ties including amino acid uptake and 
turnover of energy-rich phosphate could 
be demonstrated. A lively discussion of 
the conditions for centrifugal isolation 
of the nuclei and retention of these bio- 
chemical activities, and of an interesting 
salt dependence of the isolated nuclei, 
followed the presentation of the paper. 

Results of the mail balloting for offi- 
cers and council were announced at the 
business meeting. C. Ladd Prosser be- 
came president, and William D. McEIl- 
roy was elected vice president. A. C, 
Giese and T. Hayashi were elected to 
serve 2-year terms as councilors. 

The abstracts of the contributed papers 
are to be published as a supplement in 
the October issue of the Journal of Cel- 
lular and Comparative Physiology. 

Teru Hayasul 
Department of Zoology, Columbia 
University, New York, New York 
F. G. SHERMAN 
Department of Biology, Brown 
University, Providence, Rhode Island 
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February 


9-11. American Acad. of Allergy, Chi- 
cago, Ill. (B. Rose, Royal Victoria Hospi- 
tal, Montreal, P.Q., Canada. ) 

9-11. Nature of Coal, symp., Bihar, 
India. (Director, Central Fuel Research 
Inst., P. O. Fuel Research Inst., Dhanbad 
District, Bihar. ) 

9-24, Pneumoconiosis, intern, conf., Jo- 
hannesburg, South Africa. (S.A.C.S.LR., 
18 London House, Loveday St., Johannes- 
burg, S.A.) 

11-13. American Acad. of Occupational 
Medicine, Boston, Mass. (L. Blaney, 1608 
Walnut St., Philadelphia, Pa.) 

12-13. Solid State Circuits Conf., Phila- 
delphia, Pa. (A. B. Stern, General Electric 
Co., Bldg. 3, Syracuse, N.Y.) 

14. Short Range Navigation Aids, 
Montreal, Canada. (Intern. Civil Avia- 
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tion Organization, Maison de |’aviation 
internationale, Montreal. ) 

14-21. Planned Parenthood, 6th intern. 
conf., New Delhi, India. (Secretary, 1 
Metropolitan House, Dadabhari, Naoroji 
Rd., Bombay 1, India.) 

15-19. American Inst. of Mining, Met- 
allurgical, and Petroleum Engineers, an- 
nual, San Francisco, Calif. (E. O. Kirk- 
endall, AIME, 29 W. 39 St., New York 
18.) 

16-19. Problems in Field Studies in 
Mental Disorders, intern. work conf., New 
York, N.Y. (J. Zubin, American Psycho- 
pathological Assoc., 722 W. 168 St., New 
York 32.) 

20-21. Epidemiology in Mental Disor- 
ders, annual meeting of the American Psy- 
chopathological Assoc., New York, N.Y. 
(J. Zubin, APA, 722 W. 168 St., New 
York 32.) 

23-27. American Concrete Inst., 55th 
annual, Los Angeles, Calif. (W. A. 
Maples, A.C.I., 18263 W. McNichols Rd., 
Detroit 19, Mich.) 

25-26. Midwest Industrial Radioiso- 
topes Conf., Manhattan, Kan. (J. Kitch- 
ens, Dept. of Continuing Education, 
Kansas State College. Manhattan. ) 

25-27. Biophysical Soc., annual, Pitts- 
burgh, Pa. (G. Felsenfeld, Dept. of Bio- 
physics, Univ. of Pittsburgh, 325 Clapp 
Hall, Pittsburgh 13.) 

26-28. American Acad. of Forensic Sci- 
ences, annual, Chicago, Ill. (W. J. R. 
Camp, AAFS, 1853 W. Polk St., Chicago 
12.) 

26-28. Genetics and Cancer, 13th an- 
nual symp. on fundamental cancer re- 
search, Houston, Tex. (Editorial Office, 
Univ. of Texas, M. D. Anderson Hospital 
and Tumor Inst. Texas Medical Center, 
Houston 25.) 

27-1. National Wildlife Federation, 
23rd annual convention, New York, N.Y. 
(NWF, 232 Carroll St., NW, Washington 
12.) 


March 


1-2. Pennsylvania Acad. of Sciences, 
Gettysburg. (K. Dearolf, Public Museum 
and Art Gallery, Reading, Pa.) 

1-5. Gas Turbine Power Conf., Cincin- 
nati, Ohio. (O. B. Schier, ASME, 29 W. 
39 St., New York, N.Y.) 

8-9. American Broncho-Esophagologi- 
cal Assoc., Hot Springs, Va. (F. J. Put- 
ney, 1712 Locust St., Philadelphia, Pa.) 

8-9. American Laryngological Assoc., 
Hot Springs, Va. (J. H. Maxwell, Univer- 
sity Hospital, Ann Arbor, Mich.) 

8-12. Aviation Conf., Los Angeles, 
Calif. (O. B. Schier, ASME, 29 W. 39 
St., New York, N.Y.) 

10-12. American Laryngological, Rhi- 
nological and Otological Soc., Hot Springs, 
Va. (C. S. Nash, 708 Medical Arts Bldg., 
Rochester 7, N.Y.) 

13-14. American Otological Soc., Hot 
Springs, Va. (L. R. Boies, University Hos- 
pital, Minneapolis 14, Minn.) 

13-15. Alabama Acad. of Sciences, Au- 
burn, (H. M. Kaylor, Dept. of Physics, 
Birmingham-Southern College, Birming- 
ham, Ala.) 

15-20. American College of Allergists, 
San Francisco, Calif. (M. C. Harris, 450 
Sutter St., San Francisco. ) 
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16-19. American Assoc. of Petroleum 
Geologists, Soc. of Economic Paleontolo- 
gists and Mineralogists, 44th annual, Dal- 
las, Tex. (W. A. Waldschmidt, AAPG, 
311 Leggett Building, Midland, Tex.) 

16-20. American Inst. of Chemical En- 
gineers, Atlantic City, N.J. (F. J. Van 
Antwerpen, AICE, 25 W. 45 St., New 
York 36.) 

16-20. National Assoc. of Corrosion 
Engineers, 15th annual conf., Chicago, 
Ill. (NACE, Southern Standard Bldg., 
Houston, Tex.) 

16-20. Western Metal Exposition and 
Cong., 11th, Los Angeles, Calif. (R. T. 
Bayless, 7301 Euclid Ave., Cleveland 3, 
Ohio. ) 

17-19. National Health Council, Chi- 
cago, Ill. (P. E. Ryan, 1790 Broadway, 
New York, 19.) 

18-25, International Social Science 
Council, 4th general assembly (by invita- 
tion), Paris, France. (C. Levi-Strauss, Sec- 
retary-General, International Social Sci- 
ence Council 19. avenue Kleber, Paris.) 

19-21. Society for Research in Child 
Development, NIH, Bethesda, Md. (Miss 
N. Bayley, Laboratory of Psychology, Na- 
tional Inst. of Mental Health, Bethesda 
14, Md.) 

23-26. Institute of Radio Engineers, 
natl. conv., New York, N.Y. (G. L. Haller, 
IRE, 1 E. 79 St., New York 21.) 

24-27, American Meteorological Soc., 
general, Chicago, Ill. (K. C. Spengler, 
AMS, 3 Joy Street, Boston, Mass. ) 

27-28. Michigan Acad. of Sciences, 
East Lansing. (D. A. Rings, Univ. of 
Michigan, Dept. of Engineering, Ann 
Arbor. ) 

28. South Carolina Acad. of Sciences, 


Columbia. (H. W. Freeman, Dept. of 


Biology, Winthrop College, Rock Hill, 
S.C.) 
29-3. Latin American Congress of 


Chemistry, 7th, Mexico D.F., Mexico. (R. 
I. Frisbie, Calle Ciprés No. 176, Zone 4, 
Mexico, D.F.) 

30-1. American Orthopsychiatric As- 
soc., San Francisco, Calif. (M. F. Langer, 
1790 Broadway, New York 19.) 

30-12. Bahamas Medical Conf., 7th, 
Nassau. (B. L. Frank, 1290 Pine Ave., W. 
Montreal, Canada. ) 

31-2. American Power Conf., 21st an- 
nual, Chicago, Ill. (N. S. Hibshman, 
AIEE, 33 W. 39 St., New York 18.) 

31-2, Symposium on Millimeter Waves, 
9th, New York, N.Y. (H. J. Carlin, Micro- 
wave Research Inst., 55 Johnson St., 
Brooklyn 1, N.Y.) 

31-5. International Committee of Mili- 
tary Medicine and Pharmacy, 21st session, 
Paris, France. (Comité International de 
Médecine et de Pharmacie Militaires, 
H6pital Militaire, 79, rue Saint Laurent, 
Liége, Belgium. ) 


April 


1-3. American Assoc. of Anatomists, 
Seattle, Wash. (B. Flexner, Univ. of Penn- 
sylvania Medical School, Philadelphia 4, 
Pa. ) 

1-4, National Council of Teachers of 
Mathematics, Dallas, Tex. (H. T. Karnes, 
Dept. of Mathematics, Louisiana State 
Univ., Baton Rouge 3.) 


(See issue of 19 December for comprehensive list) 
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Portable Survey Meter Sample Changer 


A complete, highly versatile line of nuclear tubes and instru- 
mentation is available for your most exacting research, med- 
ical and industrial counting applications. 


For laboratory, industrial and field use, Anton offers a 
diversified group of instruments, all designed for speed, 
accuracy, efficiency and economy. Whether your requirements 
call for survey and monitoring instruments, ratemeters, special 
systems or control devices, we can supply units that have 
proven their superiority in numerous industrial and govern- 
ment nuclear installations. Typical of such instruments is the 
company’s precision laboratory ratemeter—the first commer- 
cially available log-linear count ratemeter. This instrument 
has a recorder jack, is ideally suited for analytical work and 


is widely used for chromatogram applications. (Request 
Bulletin 59-1.) 


ANTON... 


for precise 
nuclear 
laboratory 








ee ee 








BF, Neutron Counter 


End Window Counter 





309 Gamma Counter 











For truly precise counting requirements Anton manufactures 
more than 100 varieties of neutron detectors, halogen quenched 
counter and integrator tubes, organic quenched, and other 
types of alpha, beta and gamma detectors. If your specific 
application is not covered by our tube catalog, we can develop 
detectors and systems to fill your need. (Request Bulletin 59-T.) 


Our research and engineering group is ready to consult with you 
on specific nuclear component and instrumentation problems. 


ANTON ELECTRONIC LABORATORIES, INC 


A subsidiary of United States Hoffman Machinery Corporation 


1226 FLUSHING AVE., BROOKLYN 37, N. Y. 


GBB LAM¢ I ib 











Tired of Shaking Test Tubes by Hand? © 


New continuous-duty rotary agitator holds up to 
12 test tubes or small vessels...to free you for 
other work in the lab. 


The 

SPINNERETTE 
Typical applications: 

e effecting small-scale 
extractions, and mixing 


of solutions, emulsions, 
dispersions or colloids. 
e culturing organisms, 
viruses, tissue cultures 
or cells. 


@ blood analysis and 
small-scale dialysis. 





Designed for optimum variation in rate of mixing 
or agitation by virtue of vertical-to-horizontal tilt 
angle of platform plus four rotating speeds (15, 
30, 45 and 80 rpm). Affords smooth, quiet and 
maintenance-free service and can operate any- 
where—on a work table or mounted on a wall. 


Interchangeable platforms available to hold 
small bottles and small Erlenmeyer flasks. 


Write for Bulletin ST-S3 
NEW BRUNSWICK SCIENTIFIC CO. 


PRECISION 







LABORATORY APPARATUS 


P.O. BOX 606 e NEW BRUNSWICK, N. J. 





NEW ! cenco’ 


Mobile Laboratory 





For science teacher demonstrations 
in different locations, any 

Fi vantage point. Moves quickly. 
Equipped with gas, electric 

é and water services, support 

| o : rods and pegboard display 

= 2 panel. Roomy storage 

teen area. In attractive 

: colors, large 
Formica top. 


Write for 
full details. 





EACH 
$295.00 





Cenco, the leading manufacturer of instruments for laboratories 


CENTRAL SCIENTIFIC CO. 


BENCH 1718-M IRVING PARK RD. + CHICAGO 13, ILL. 
z B hes and Wereh 





— th de, N. J. 
Boston © Birmingham © Santa Clara e Los Angeles © Tulsa 
Houston @ Toronto © Montreal @ Vancouver @ Ottawa 





| GLASS ABSORPTION 
| CELLS KLETT 


made 
by 








SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 














Klett Manufacturing Co. 


179 East 87 Street, New York, New York 
































BIND °EM... 
and you'll 
find them! 














| Keep your copies of SCIENCE always available for 
| quick, easy reference in this attractive, practical 
| binder. Simply snap the magazine in or out in a few 
seconds—no punching or mutilating. It opens FLAT 
—for easy reference and readability. Sturdily con- 
structed—holds 26 issues. 


This beautiful maroon buckram binder stamped in 
gold leaf will make a fine addition to your library. 
| Only $3.25 postpaid; add 50¢ for orders outside 
| U.S.A. (Personal check or money order, please.) 
| Name of owner, 75¢ extra; year of issue, 50¢ extra. 


SCIENCE 


e 1515 Massachusetts Ave., NW, 
Washington 5, D.C. 


SCIENCE, VOL. 129 
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Equipment 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable. Science does not assume 
responsibility for the accuracy of the informa- 
tion. A coupon for use in making inquiries con- 
cerning the items listed appears on page 110. 


™ PHOTORELAY combines a cadmium-sul- 
fide cell with a double-pull, double-throw 
relay with contacts rated at 5 amp, 120 v 
a-c. Spectral response is S-15. The unit 
will operate with 1 ft-ca intensity. Weath- 
erproof enclosures are available. (Berke- 
ley/Dynamics, Dept. 580) 


® METERING PUMP for chemical solutions 
produces a range of flow from 0 to 2.0 
ml/min with accuracy of 0.01 ml/min. 
All parts in contact with the fluid being 
pumped are made of glass or Teflon. 
Flow is regulated by the controlled dis- 
placement of a piston. Flow is adjusted 
by a dial calibrated in milliliters per 
minute. Other models provide flow rates 
up to 10 ml/min. (Harold Kruger In- 
struments, Dept. 566) 


FORCE CALIBRATION SYSTEM is transis- 
torized and battery operated. During 
operation the force is applied to a load 
ring that has a differential transformer 
attached to its internal bosses. Deflection 
is transmitted to a null-balance instru- 
ment where it is balanced against the 
measured displacement of another trans- 
former, Sensitivity is 20 wa/0.0001 in. 
of ring deflection. Accuracy is + 0.1 per- 
cent. Current drain in operation is 20 pa. 
(Morehouse Machine Co., Dept. 567) 


®SIGNAL GENERATOR produces sine-wave 
or square-wave signals in five bands from 
5 cy to 600 kcy/sec. Accuracy of fre- 
quency setting is + 1 percent or 1 cy/sec. 
Amplitude is constant within +1 db. 
Output level is 10 v r.m.s. into 600 ohm. 
Distortion at this level is less than 1 per- 
cent. (Precision Apparatus Co., Dept. 
568) 


"®oscILLAToR for operation at any speci- 
fied frequency in the range 8 to 150 
Mcy/sec is 134 in. long and 3% in. in 
diameter. Frequency stability is + 0.005 
percent. Output power is 0.1 to 1.0 mw. 
Output impedance is 50 to 1000 ohm. 
Operating temperature range is — 55° to 
+75°C or —55° to +105°C. (Delta-f, 
Dept. 571) 


® OPTICAL COMPARATOR projects simul- 
taneous images through separate optical 
systems to permit viewing of an object 
in two planes. The two optical systems 
may be the same or they may differ in 
magnification, focal length, or projection 
path. Separate screens or common 
screens range from 3 ft square to 20 in. 
in diameter. Triple systems are also pos- 
sible. (Stocker & Yale, Dept. 575) 


9 JANUARY 1959 


™TORQUEMETER measures torque in 
ranges from 5 to 250 oz-in. full scale. 
Dynamic torques are measured on shafts 
turning between 50 and 12,000 rev/min. 
Accuracy is + 2 percent of full scale. The 
indicator may be located remotely and 
connected electrically to the torque pick- 
up. Overload protection up to twice the 
rated load is provided. Shafts are 1% in. 
in diameter by 7/16 in. long. (Metron 
Instrument Co., Dept. 570) 


™CULTURE APPARATUS for large quanti- 
ties of bacteria, yeasts, molds, and other 
microorganisms consists of a double- 
walled, cylindrical stainless-steel chamber 
which houses a rotating agitator with 
aeration fins. The chamber measures 16 
in. in diameter by 30 in. high. Front 
controls govern sterilization and agitator 


speed. Liquid nutrient is added and bac- 
terial suspension is removed at the same 
rate through a cooling bath, and the cells 
are separated in a centrifuge. (American 
Sterilizer Co., Dept. 578) 


™ PRESSURE PICKUPS of variable reluct- 
ance type cover pressure ranges from 
zero to 5000 Ib/in.? gage, differential or 
absolute. Operating temperature range is 
— 85° to + 500°F. Zero drift is less than 
10uv/v °F, and sensitivity drift is less 
than 0.02 percent of full scale per degree 
Fahrenheit. (Tavis Instruments, Dept. 
579) 


™GAS ANALYZER enables measurement of 
concentration of one gas in a multicom- 
ponent mixture without chemical or 
physical changes in the gas mixture. The 








FIRST: 


LOOK AT UNITRONS NEW 


POLARIZING MICROSCOPE 


Here is a precision measuring instrument for both ortho- 
scopic and conoscopic observations, designed to meet the 
exacting requirements of science, education, and industry. 
its many features make it ideal for work in chemistry, 
crystallography, mineralogy and biology as well as in the 
technology of paper, glass, textiles and petroleum. 


1 
CHECK THESE OPTICAL & MECHANICAL FEATURES 


THEN: LOOK AT 


THE 


Note that UNITRON’S new Model MPS comes complete 
with optics and accessories and includes features usually 
associated only with much more costly models. 

EYEPIECES: Micro 5X providing measurements to 
0.0025mm. and cross-hair 10X. The eye lenses focus to 
produce sharp reticle images and are keyed to prevent 
rotation. 

OBJECTIVES: 4X(N.A.0.1), 10X(N.A.0.25), 40X(N.A.0.65), 

h ic, strain-free, each with ble mount. 





NOSEPIECE: quick-change type for critical centering. 


CONDENSER and POLARIZER: three-lens condenser 
with upper elements on a swing-out mounting, provides 
either parallel or convergent light. A dovetail-slide 
focusing mount and iris diaphragm insure optimum 
illumination and resolution. 


* POLAROID POLARIZER: rotatable through 360° and 
graduated every 45°. Plano-concave mirror. 


ANALYZER: Polaroid, in sliding metal mount. 


¢ BERTRAND LENS: for the study of interference ‘igures, 
fixed-focus lens is centerable and mounted in a slideway. 


* STAGE: diameter 115mm., revolves through 360°, gradu- 
ated in degrees and reads to 6’ with vernier. The top is 
calibrated in mms. in two directions and is drilled and 
tapped for an accessory mechanical stage. Stage clips. 


COMPENSATORS: two compensators are included; a 
quarter-wave plate and first order red plate. These fit 
into a slot above the objective lens. 


FOCUSING: coarse and 


di " 


ic fine 





@ STAND: heavy stand, arm inclines to horizontal position. 


Model MPS complete as described, 
in fitted cabinet. . ee. 

Quantity prices on three or more. 
Accessory mechanical stage. . . 


AVAILABLE ON FREE 10 DAY TRIAL 


Send for complete catalog on UNITRON Microscopes. 


TREND IS 








2 Polarizer 

3 Swing-out lever 
4 Focusing lock 

5 Focusing slide 





Condenser and Polerizer 


THE PRICE! 


UNITRON — 


INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. 
204-206 MAK STREET - BOSTON 9, 


; 


J] Please rush UNITRON Catalog on Microscopes. 4-M2 i 
oo 1 
iam ad ae ee 
ee eae SES 


Qs ce ee oe ee ee es ee es a ed 


TO UNITRON 
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GILMONT ULTRAMICROBURET 





Write for Gilmont Ultramicroburet 


Descriptive Bulletin #UM. 54 


1000 
000,000 ™ 


Te EMU, GREINER Co. 


0-26 N. MOORE STREET CY Te _New YORK 13, N.Y. 


rele) ‘000 











LATTICE 
HARDWARE 


Build almost anything 
you need in labora- 
tory lattice supports 
with LEE LATTICE 
CONNECTORS and 
BASE PLATES. 










The old reliable LEE LATTICE 
CONNECTOR ('% million in use) 
, Vertical Base Plate 

Swivel Base Plate (Adjustable 

thru range of 45°.) 

The NEW QUICK-ACTION SPHERICAL CON- 
NECTOR for use where occasional adjustment or 


change may be needed. High Strength Aluminum. 
Stainless Steel screws and handles. All for 2” rod. 


% TICE MAROWARE (12 A's 
HARDW. 12 A’ 
SPECIAL 4 8's, 2 C’s, 4 D’s) Total 22 
on pieces. Shipped to you Post- 
Acquainted Paid only $10.00. 
(Rods are not included—used 
OFFER * for illustration only) 


OPEN AN ACCOUNT. Your credit is good if listed in 
the phone book,—send name, address and phone number. 


LEE ENGINEERING CO. 


2023 West Wisconsin Ave. Milwaukee, Wis. 


9 9m > 





The American Association for the 
Advancement of Science announces | 
three new symposium volumes of 
the utmost importance to psychia- 
trists, neurologists, clinical psy- 





chologists, physiologists, pharma- 
cologists, and biochemists—and of 
great interest to the general public. | 





Tranquilizing Drugs 


6” x9”, 205 pp., 32 illus., refer- 
ences, index, cloth, March 1957. 


Price $5.00. AAAS Members’ cash 
order price $4.50. 


| | 
| a 


6” x 9”, 


175 pp., bibliographies, 
index, cloth, 


1956. Price $3.50. 


AAAS Members’ cash order price 
$3.00. 


| 

| Psychopharmacology 
Alcoholism— 

Basic Aspects and Treatment 


6” x9”, 220 pp., 33 illus. refer- 
ences, index, cloth, May 1957. 


Price $5.75. AAAS Members’ 
cash order price $5.00. 


AAAS Publications 
1515 Mass. Ave., NW, Washington 5, D.C. 
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instrument, which operates on the basis 
of thermal conductivity, can be cali- 
brated for any gas over either narrow or 
wide ranges of concentration. Accuracy 
is within + 2 percent of full scale. Sam- 
ple requirement is 10? to 103 cm*/min. 
Time for 90-percent response is 60 sec. 
Zero drift over a 30-day period is negli- 
gible. (Mine Safety Appliances Co., 
Dept. 569) 


@ RADIO-FREQUENCY VOLTMETER Covers up 
to six ranges, switch controlled, between 
1 v and 300 v full scale in any one in- 
strument. Frequency range is d-c and 
from 7 cy to 5 Mcy/sec in the 1-v range 
and to 150 kcy/sec in the 300-v range. 
Response is true r.m.s. when a thermo- 
couple and D’Arsonval movement are 
used. Resistance is 200 ohm/v. Accuracy 
is 0.5 percent of full scale over the fre- 
quency ranges indicated. (Sensitive Re- 
search Instrument Corp., Dept. 572) 


® SOUND SOURCE is a small, self-contained 
acoustic calibrator for sound measuring 
systems. Sound at a level of 108 db is 
generated for 14 sec by means of 14,000 
l-mm_ precision steel balls _ striking 
against a metal diaphragm. Each source 
is calibrated in terms of its r.m.s. value 
with accuracy +1 db. The effect of tem- 
perature on calibration is less than 0.5 db 
over the range 32° to 160° F. (B& K 
Instruments, Dept. 577) 


® CURRENT PROBE is designed to permit 
measurement of radio-frequency interfer- 
ence without direct connection to the 
product being tested. The probe is a cur- 
rent transformer designed to couple ra- 
dio-frequency noise into a calibrated re- 
ceiver of 50-ohm input impedance. Cur- 
rent in the primary is read in terms of 
secondary voltage. The probe is insulated 
for 600 v. (Stoddart Aircraft Radio Co., 
Dept. 576) 


"TUBE FURNACE operates at tempera- 
tures up to 3000°F. Single- and double- 
ended types in three sizes are available. 
The molybdenum heating elements are 
protected by an atmosphere of hydrogen 
or dissociated ammonia. A transformer 
control system permits safe cold starting 
and provides continuously variable tem- 
perature control. (Hevi-Duty Electric 
Co., Dept. 581) 


@ VIBRATING-REED CAPACITOR converts di- 
rect current into sinusoidal alternating 
current for amplification. Measurements 
of current as low as 10-1° amp is per- 
mitted by the device. Maximum contact 
potential is 20 mv, and contact-potential 
drift is within +0.2 mv/day. Drive fre- 
quency is 500 cy/sec, self-stabilized. 
Static capacitance is 10 pf. (Stevens- 
Arnold Inc., Dept. 582) 

JosHuA STERN 
National Bureau of Standards 
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PERSONNEL PLACEMENT 














CLASSIFIED: 25¢ per word, minimum 
charge $4.25. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, . 


$26.00 per inch 
24.00 per inch 























ilili| POSITIONS WANTED jill 


Nutritional Biochemist, Ph.D., with a few years 
high caliber industrial experience desires to join 
or form active nutritional research att Non or 
without teaching duties. Box 6, SCI CE.X 


iil POSITIONS OPEN i 


(a) Bacteriologist; M.S. preferred to head de- 
partment, laboratory to be housed in new wing 
of large general hospital; mideastern university, 
cultural center. (b) Chemist; M.S. to head de- 
partment in laboratory doing 65,000 yearly pro- 
cedures; all latest chemistry tests done; 150-bed 
general hospital, extremely active out-patient 
service; city 30,000; ideally located. Pacific 
Northwest. (c) Biochemist, recent Ph.D. inter- 
ested protein isolation; prominent eastern con- 
cern; $7800. (d) Bacteriologist ; assist depart- 
ment head with steadily increasing workload; 
400-bed hospital doubling shortly; minimum 
$6000; university city 200,000; Southwest. 
Woodward Medical Bureau, Ann Woodward, 
Director, 185 North Wabash, Chicago. 














Biologists, Ph.D.’s, new state college, southern 
California. Prefer background in physiology, ge- 
netics, embryology, microbiology, or botany. 
Please send full résumé to Ralph Prator, Presi- 
dent, San Fernando Valley State College, North- 
ridge, California. 





(a) Immuno-Hematologist ; will consider can- 
didate with master’s degree, but preference for 
Ph.D.; should have adequate academic back- 
ground, well versed in theory and application of 
all modern procedures in blood bank, serology 
and hematology ; duties consist of evaluating and 
improving all procedures in these fields, to or- 
ganize department for maximum efficiency; ad- 
ministrative experience required; 500-bed gen- 
eral teaching hospital affiliated with university ; 
salary approximately $7000 ; East. (b ) Chemist 
or Biochemist, Ph.D. ; research position with 
private laboratories engaged in veterinary biolog- 
icals, pharmaceuticals, surgical supplies; univer- 
sity city, Midwest. (c) Bacteriologist experi- 
enced in tissue culture; research concerned with 
antibiotics and other products ; Ph.D. required 
but candidate with master’s degree eligible; re- 
search foundation affiliated with teaching insti- 
tution ; Midwest. (d) Pharmacologist, preferably 
physician who has definite standing in pharma- 
cology ; staff of 30 to 40 including five M.D.’s 
and Ph.D.’s; opportunity for continuing re- 
search of his own inclination. Sl-2 Medical Bu- 
reau, Berneice Larson, Director, 900 North 
Michigan, Chicago. X 





Pharmaceutical Product Development. Challeng- 
ing position, in New York area. Proved back- 
ground for full responsibility of new product de- 
velopment, contact with clinical investigators. 
and so forth; growi! ng company. Reply should 
include record of product an and sal- 
ary level. Box 5, SCIEN 1/16, 23 





Postdoctoral Traineeship in Neuropharmacology 
Available for the Ph.D. in chemistry, biochem- 
istry or pharmacology or the M.D. who would 
like to broaden his training and enter research 
in neuropharmacology. Stipends from $4500 per 
year and up plus dependent allowance. Postdoc- 
toral fellowships in other areas, such as bio- 
chemical pharmacology, antibiotics, energy and 
drug enzymology, are also available. rite 
Chairman, Department of Pharmacology, Wash- 
ington University School of Medicine, St. Louis 
10, Missouri. /9, 16, 23, 30; 2/6 
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IMII| POSETIONS OPEN jill 





Laboratory Technician. Openings for qualified 
technicians with backgrounds in any one of fol- 
lowing scientific fields: physics, chemistry, bio- 
chemistry, immunology, and neurohistology. Sal- 
ary good. Excellent benefits. Good opportunity 


for advancement. Write or call Mr. Kay, Per- 
sonnel Director, Montefiore Hospital, Bronx 
67, New York, OLinville 2-7787. 1/16 





SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. Yearly 
(12 issues) membership, $5.00. CRUSADE, 
SCI., Box 99, Station G, Brooklyn 22, N.Y. ew 





From: 


Company 


Street 


Postage 
Will be Paid 


(Please print or type) 








iii POSITIONS OPEN |i 


NEW WORLD-WIDE SUMMER PLACE- 
MENT DIRECTORY, over 12,000 fascinating 
opportunities in all states, many foreign coun- 
tries. Complete verified information including 
salaries. Send $3.00 now. CRUSADE, Sci., 
Box 99, Station G, Brooklyn 22, N. Y¥ cow 


MII FELOWwserPs lili 


Research Fellowships in biochemical pharma- 
cology are available for qualified individuals to 
study for Ph.D. degrees. A background in chem- 
istry is desirable. Stipends begin at $1800 per 
year, plus dependent allowance. Write Chair- 
man, Department of Pharmacology, Washington 
University School of Medicine, St. Louis 10, 
Missouri. 1/9, 16, 23, 30; 2/6 











USE THIS EASY SELF-MAILER to obtain 
further information 


—_ i. ce 


Information Requisition 


9 January 1959 


It’s simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in Equipment. 


0 ee 


Mark, clip coupon—FOLD HERE along this line—mail 


No 
Postage Stamp 
Necessary 
If Mailed in the 
United States 





BUSINESS REPLY CARD 
First Class Permit #12711 New York, N.Y. 








Room 740 


Kenilers ; Sonies 
SCIENCE MAGAZINE 


11 West 42 Street 
New York 36, New York 


Fasten Here Only 
Staple, Tape, Glue 
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~ WARNS 
TT | SWISS RA I Sprague-Dawley, Inc. 
- CE Pioneers in the development of the 


standard laboratory rat. 














The Market Plac 


BOOKS «+ SERVICES + SUPPLIES +» EQUIPMENT 


Sprague-Dawley, Inc. 
P.O. Box 2071, Madison 5, Wisconsin 

























































































Phone: CEdar 3-5318 j 
DISPLAY: Rates listed below—no charge f 
for Box number. Monthly invoices will 
be —_— Re bajo. Por onal —- — La x Send for =" 
pe My at satisfactory cre ; is (¢ \U booklet | 
ae ee T; DL 5-Hydroxytryptophan 
times in : nar 23.00 cae _ ACONIC j 
times in 1 year 00 per inc Write for our data sheet L 
ispl i : es 
tebe Ny ok FARMS E 
of issue (Friday of every week). GERMANTOWN NEW YORK REGIS Chemicet Company ) 
1219 N. Wells Street Chicago 10, Illinois Hi 1 
. 4 we on HE ree, 
9 January 1959 albino rats ¢ x i |: 
*Descendants of the * | fi 
Sprague-Dawley and 8] 
Wistar Strains al 
ie 
R v inypudiaaiibiiiend :< 
P| © Rats 1 
eaaers erutce e 
HENRY L. FOSTER, D.V.M. | 
President and Director { 
Information Requisition ee aes Wee, ee 
Use this easy self-mailer to obtain further information about TRYPSINIZED MONKEY KIDNEY | 
° ; . ‘ SUSPENSION MONKEY WHOLE i 
items or literature from the Equipment section as well as from BLOOD — SERUM 3 
= Cell suspension packed in wet ice—shipped s 
advertised products. via air express—growth guaranteed 3 
WRITE OR WIRE 
RESEARCH SUPPLY COMPANY 
230 Hillside Avenue — Paramus, N.J. ' 
q 
EQUIPMENT ie 
e HYPOPHYSECTOMIZED RATS ' 
Circle below desired number corresponding to: age Se ae ‘ 
HORMONE ASSAY LABORATORIES, Inc. f 
> 
576 577 578 579 580 581 582 Ill PROFESSIONAL SERVICES ||i 








LABORATORY SERVICES 


for the FOOD, FEED, DRUG and 
ADVERTISERS IN THIS ISSUE CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, | 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 





In list below, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C) are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, ‘‘U”’ indicates upper ad, “‘L’’ 
lower ad, ‘‘l’’ inside ad, ‘‘M”’ middle ad, and ‘‘O”’ outside ad. Advertisements 
in Personnel Placement and Market Place are not keyed. A multiplicity of 
items is indicated by *. Readers are requested to specify on this coupon the 
particular item in which they are interested; otherwise, the request cannot 
be processed. 





Write for Price Schedule 
P. O. Box 2217 * Madison 1, Wis. 











iil BOOKS AND MAGAZINES || | | 





Your sets and files of | 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
eriodical files you are willing to sell at high mar- | 
et prices. Write Dept. A3S, CANNER’S, Inc. | 
Boston 20, Massachusetts 
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for which we are grateful. Addi- 
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is contemplated.” 
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AMAZING TELESCOPE BUYS ‘ 


2+. . AND OTHER OPTICAL BARGAINS 


















e 
American Made — See the Stars, Moon, Planets Close Up! 
Over 50% Saving ASSEMBLED ‘ P 
STEREO MIGROSCOPE AND 3” ASTRONOMICAL REFLECTING TELESCOPE 
in Years in development. Equals $300 to READY TO USE! 60 to 160 Power—An Unusual Buy! 
i $400 instrument. Precision American . Famous Mt. Palomar Type 
7 made. Used for checking, inspecting, i ‘ we 
a small assembly work. Up to 3” work- You’ll see the Rings of Saturn, the fascinating planet Mars, huge 
sii sional ing distance. Clear, sharp, erect craters on the Moon, Star Clusters, Moons of Jupiter in detail. Galax- 
} image. Wide, 3 dimensional field. 2 ies! Equatorial mount with lock on both axes. Aluminized and over- 
| sets of objectives on rotating turret. coated 3° diameter high-speed {/10 mirror. Telescope comes equipped 
{ 23X and 40X. 10 Day Free Trial. with a 60X eyepiece and a mounted Barlow Lens, giving you 60 to 
. Stock No. 85,056-W ...... $99.50 160 power. An Optical Finder Telescope, always so essential, is also 





included. Sturdy, hardwood, portable tripod. 
Free with scope! Valuable STAR CHART and 272 page “‘Astronomy Book.” 
Stock No. 85,050-W 


Photographers! This is an actual photograph 
of the moon taken through our Astronomical 
Telescope by a 17-year student. 


f.o.b. Barrington, N.J. 


Low Power Supplementary Lens Attachment for above Stereo 
—provides 15X down to 6X with clear, extra large 144” 








pany 


Illinois 





fleld at 6X. 


Stock No. 30,276-W 











NEW HAND SPECTROSCOPE 


Never before such low price! 
Only possible because it em- 











To the scientific world the 
availability of this low- 
cost Replica Grating film 


$29.95 Postpaid 







AT LAST 
AFTER DECADES OF EFFORT! 








| peice eas | | at 9 aml rent, bt - AMATINGLY LOW COST 
hy grating film—with 13, 400 lines per inch. This grating is ! CVSRE, bu REPLICA Ry 
% } mounted in aluminum tube 414” long, %4” dia., with a to we who have been striv- GRATING RS / 
% fixed slit. Excellent for demonstrating spectrum; to see . . I9400UINES {> 
= spectral lines of gases; for recognizing transmission and ing to bring low-cost verincn / Vc 
) { absorption bands of colored glasses, filters, dyes. Also will scientific items to the : 
identify more prominent Fraunhofer Lines. 44is\\\\ 





Steck No. 30,280-W .............005 


$2.50 Postpaid 


general public for years, 









You Can See 


SPECTRUM 
] COLORS 





se it ic a MAJOR eveat—eo All the Colors of the Spectrum 
pardon our liberal use of The passage of a system of light waves past the edge of an obstacle is ac- 
M. WAR SURPLUS AMERICAN-MADE the word amazing! When companied by a phenomenon known as diffraction. White light is broken up 
7x50 BINOCULARS 5 into the colors of the spectrum. Rulings of thousands of lines per inch have 
LABS. ™ Presa ae a you purchase a piece of ns — = glass to produce diffraction gratings. High price replicas of 
ig savings! Brand new! Crystal clear . x these have been made for years. Now, we bring you film transmission Replica 

viewing—7 power. Every optical ele- this and play and experi- Gratings at a very, very low price. . 
ment is coated. An excellent night ment with it, | believe you This film has 13,400 lines per inch running the long way. The film is 8 
mea glass—the size recommended for : ; inches wide, about 7% inches covered with replica lines. Thickness about 
satellite viewing. Individual eye fo- will agree with me that it -005”. Dispersion about 24°. Use it for making spectroscopes, for experi- 
cus. Exit pupil 7mm. Approx. field at . — ments, as a fascinating novelty. It’s new, it’s really wonderful—order today. 

|EY 1,000 yds. is 376 ft. Carrying case is amazing: 





—— You and your friends will be amazed! Comes in clear plastic protector. 
LE included. American 7x 50’s normally cost $195. Our war Stock No. 50,202-W .. 


includes 2 pieces 8” x 512” — 
surplus price saves you real money. 


N. W. Edmund, President 





























hipped | | Stock No. 1533-W .. only $55.00 psted. (Tax included) Edmund Scientific Co. || sus te. 50.200:0 . 1 pice Senuminlan pe ® b. 26 W998: Peteh 
eed Stock No. 50,203-W .. 1 piece reflecting type 8 in. x6 ft. $10.95 Pstpd. 
LOW-COST SCIENCE TEACHING AIDS 
wa Specially Developed for Class Room Use 
Sedans — . 70,177-W .. $3.35 q 
iar Stabe Shc Wo: 7OL7aW "$230 wpe CLOSE OUT! POWER \acnnetor 
aa Light Stroboscope —Stock No. 70,180-W .. 28.75 pstpd. MECHAN ICAL 1) ER MICROS E 
Coil Spring Wave aes ~— ip it ieee DRAWING SET 5X 10X 20X 
RATS Ripple Tank Stock No, 85,064-W |. 40.00 f0.b. 


$80.00 Value — Only $19.95 


Extremely sturdy with rack and pinion 
focusing, color corrected optics, turnable 
microscope body for inclined viewing, three 
different powers, long working distance un- 
der objectives, sufficient eye relief for easy viewing. Made 
from war surplus optical instrument so that you actually 
get $80.00 of value. Weighs 4 lbs., 13” high. 10-DAY 
FREE TRIAL! Accessory objectives available for powers 





ess Barrington, N. J. 

2-Stage Rocket Set —Stock No. 70,157-W .. 2.98 pstpd. 

For additional items and details—write for Bulletin No. 50-W 4 ; . 4 
American mfr. couldn’t compete with foreign imports— 


Sa thus you get a terrific bargain, even far below import 
ES ES [fill | 50- 150- 300 POWER MICROSCOPE prices. 10 handsome pieces in velvet-lined case. Nickel 


plated brass—precision American-made. We guarantee 
Amazing Value—Equal of a $75.00 instru- J You'll be satisfied or money refunded. 


Se eS Pe eee $6.00 Postpaid 


Regular Price $18.00 
Our Price Only $6.00 Pstpd. 








3, Inc. 
29, Ul. 


ment! 3 Achromatic Objective Lenses on 




















VICES Revolving Turret! Imported! The color-cor- Qcantity Price: 5 Sets for $5.50 each Postpaid Oetee 
RUG and rected, cemented achromatic lenses in the 10 Sets for $5.00 each Postpaid Steck Me. 70,172-W ..........00.. $19.95 Postpaid 
RIES objectives give you far superior results to 
luati the single lenses found in the microscopes 
. Testing selling in this range. Results are worth the 
| difference! Fine rack and pinion focusing. 
vation. | Stock No. 70,008-W $14.95. Pstpd. # 96 PAGES! 
sultation MOUNTED 500 POWER OBJECTIVE 
Threaded for easy attachment on 
le above microscope. Achromatic lenses for fine a OVER 1000 
1, Wis. viewing. 3 mm. focal length. 5.00 
Stock #$30,197-W ........ $5.00 Pstpd. . 
ES | Optics for the Space Era! OPTICAL BUYS 
Hill | GANT: MAGNETS 





Optics for the Science Class! 


Write for this amazing Catalog! You won't be sorry! 96 pages — 
hundreds of illustrations, charts, diagrams. A treasure-house of 
optical information . 


CATALOG S09 


Edmund 
ees 


ge giants—15% lb. Alnico | 
V Magnetron type. Were used | 
in Magnetron tubes. Horseshoe 


. | War Surplus—Below Cost 


et profit 
fu ws uly 

















bargains galore. Scopes for observing Satel- 
tional ar | shape. Approx. 5,000-6,000 ot ere lites, Moon Planets, Rockets. Optics for classroom, research labs, 
high of | Gauss rating. Will’ litt about , i experimenters, hobbyists! Instruments for checking, measuring. We 
igh mar- ( 250 Ibs. Sizes: A——5-3/16"; Gaaey “Mh give you FACTS, no fluff. Tell you what it is — how it works — 
3, Ine. | 03%"; C514"; D2"; EE " ho where it’s used! 
ssachut ae A” Oe ee << COMPARATORS, MAGNIFIERS, MICROSCOPES 
a “ Countless war surplus bargains — ingenious optical tools from 
Stock No. 85,088-W ..........45 $22.50 each f.0.b. foreign lands. Thousands of optical components. Infrared tele- 
. Shipping wt. 22 Ibs. Barrington, N. J. scopes, microscopes, magnifiers, lenses, prisms, wedges, mirrors, 
7 AD MAGNETRON TUBE (probably not in working order) with mounts — accessories of all descriptions. Shop the Catalog of 
. two of above magnets. America’s greatest optical mart. Mail coupon. No obligation. 
terest, | Steck Me, B5,059-W 0... ccc cceeee $39.50 f.0.b. ecunsos 
Addi. | Shipping wt. abt. 70 Ibs. Barrington, N. J. WRITE FOR FREE CATALOG “W 
gazine ORDER BY STOCK NUMBER ... SEND CHECK OR MONEY ORDER . SATISFACTION GUARANTEED! 
| EDMUND SCIENTIFIC CO. sBaArRINGTON, NEW JERSEY 
—_! 
, VOL. 129 

















Suitable for: 


cement 

chemicals 

clinical 
specimens 

cosmetics 

dairy products 

detergents 

fertilizers 

flour 

food 

grain 

leather 

paper 

pesticides 

pharmaceuticals 

plant materials 

seeds 

sewage 

soaps 

soils 

starch 

sugar 

tobacco 


A.H.T.CO. 
PHILA ISA 
~ LLABORATORY APPARATUS | ¢ 





for immediate shipment 
from our stock... 


OHAUS 


MOISTURE 
DETERMINATION 


BALANCE 


A new type of Moisture Determination Balance 
offering many advantages not heretofore available 


For accurate determination of moisture percent 
of any granular solid, semi-solid or liquid 
which can be dried safely by heat 


A combination drying unit and precision balance for measuring the moisture content 
of 10 gram samples of a wide variety of materials with a sensitivity of +0.1%. Can 
also be used as direct reading balance, sensitivity 0.01 gram. 

Balance is of the substitution type. Loss of weight on the beam caused by evapora- 
tion of moisture from the sample is compensated for by the addition of chain to one 
arm of the beam. Chain is added by turning the graduated dial on front of the instru- 
ment. Knife edges are of hardened, ground and polished steel. Bearing surfaces are 
of long-wearing agate. Beam is provided with zero adjustment. Entire system is 
magnetically damped. A shadow type indicating vane gives immediate indication 
of balance position. 

The 650 watt infrared heater provides rapid, even evaporation and is adjustable 
both in percentage output and in distance above the sample. Heating chamber has 
a heat-resistant handle for safety and a Pyrex glass window for observation of the 
sample. Timer automatically shuts off the heat at any period from 1 to 60 minutes. 


Advantages 


Manually operated precision balance, chain weighing substitution type. 
Heating temperatures can be varied during the drying process. 
Takes samples up to 10 grams. 


Direct readings of loss can be made periodically during the drying period, enabling the 
operator to plot weight loss against time and heater adjustment for reproducible 
determinations. 


Sample can be observed during the drying process. 

Pan is readily accessible. 

Disposable pan liners of aluminum foil save cleaning time. 

Pan remains stable when loaded off center or with liquids. 

Removable clean-out tray under pans prevents spillage from entering the balance. 


BALANCE, Moisture Determination, Ohaus No. 6000, as above described, overall dimensions 12% X 
10 X 15 inches high; complete with 25 disposable pan liners. For 115 volts, 60 cycles, a.c....... 295.00 


More detailed information sent upon request 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on nea , Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA 5, PA: 
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